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to  the  Universal  Postal  Union ;  indemnity  for  lost  rogistered 
articles ;  collection  of  customs  duties  upon  foreign  books 
received  by  mail ;  treatment  of  other  dutiable  articles  in 
the  mails ;  foreign  mail  statistics ;  protection  to  postmas- 
ters in  person  and  property ;  the  new  classification  of  mail- 
matter  ;  lottery  letters;  our  x>ostal  service  compared  with 
that  of  England  and  fSrance ;  disposal  of  valueless  papers 
on  file ;  the  new  edition  of  the  postal  laws  and  regulations ; 
the  Postal  Guide;  the  Washington  City  i>ost-office;  the 
Philadelphia  post-office ;  results  of  a  count  of  all  matter 
mailed  during  the  first  seven  days  of  November,  187D. 
Bewni  of  the  First  AsHatant  Po8tnui9ter-General: 
Statistics  of  free  delivery ;  operations  of  the  appointment 
division;  increase  and  decrease  of  post-offices. 
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INDEX  TO  EXECUTIVE  DOCUMENTS. 


Subject. 


Part, 


Postmaster-General,  report  of  the^Cantinued. 
Beport  of  ike  Second  Aaeietant  PoeimaBter-  General : 

Annnal  cost  of  inland  transportation;  contracts;  railroad 
service;  estimates  for  1881;  the  special  fnnd  for  proper 
facilities;  delivery  of  mails  by  railroad  companies  from 
stations  to  post-offices ;  pay  for  carrying  the  mails  on  rail- 
road routes;  Anstralian  mails;  a4jastment  of  railway  pay ; 
the  chief  clerk :  star  service ;  defects  in  present  laws  regu- 
lating increased  payment  for  increased  service ;  increase  in 
star  service;  deficiencies;  fast  mail  to  Havana ;  mail-bag^ 
mail-patchcm,  &c,;  fines  and  deductions;  cost  of  inland 
trans^rtation ;  explanation  of  tables. 

Table  A.  Showing  the  character  of  the  mail  service,  length  of 
mail-routes,  number  of  miles  of  transportation,  and  the  cost 
thereof,  at  the  close  of  the  contract  year. 

Table  B.  Exhibiting,  b^  States,  the  railroad  service  in  oper- 
ation June  30,  18^,  with  the  cost  per  mile  of  annual  trans- 
portation. I 

Table  C.  Exhibiting  the  steamboat  service  in  operation  June 
30, 1879. 

Tame  D.  Showing  the  increase  and  decrease  in  the  amount 
and  cost  of  mail  transportation  in  the  several  States  and 
Teiritories  during  the  year  ended  June  30,  1879. 

Table  E.  Showing  the  weight  of  the  mails,  the  speed  with 
which  they  are  carried,  tne  accommodations  for  mails  and 
agents,  the  trips  per  week,  and  the  rates  of  pay  per  mile 
per  annum  on  railroad  routes  in  States  in  which  the  con- 
tract term  expired  June  30, 1879,  and  also  in  other  States 
and  Territories;  the  returns  having  been  obtained  with  a 
view  to  the  readjustment  of  pay  in  accordance  with  the  act 
of  March  3,  1873,  and  used  also  in  accordance  with  the  acts 
of  July  12, 1876,  and  of  June  17,  1878,  in  the  case  of  read- 
justments taking  effect  on  and  after  July  1.  1876.  This 
table  is  accompanied  with  an  alphabetical  index  of  the 
titles  of  the  companies  carrying  tne  mails. 

Table  F.  Showing  the  rea^ustment  of  the  rates  of  pay  per 
mile  on  railroad  routes  in  States  and  Territories  in  which 
the  contract  term  expired  June  30,  1879,  and  also  in  other 
States  and  on  certain  new  routes,  the  adjustment  of  the 
rates  based  on  returns  of  the  weight  of  the  mails,  the  speed 
wi^  which,  they  are  conveyed,  the  accommodations  for 
mails  and  agents,  and  the  number  of  trips  per  week,  in  ac- 
cordance with  the  act  of  March  3,  1873,  and  with  tne  acts 
of  July  12, 1876,  and  of  June  17, 1878,  in  the  case  of  read- 
justments taking  effect  on  and  after  Jul^  1.  1876.  This 
table  also  is  accompanied  with  an  alphabetical  index  of  the 
titles  of  the  companies  carrying  the  mails. 
Index  to  Table  E. 
Index  to  Table  F. 

Table  G.  Stating  purchases  of  mail-bags,  locks,  keys,  catch- 
ers, &C. 

Table  H.  Statement  of  contracts  for  mail-baes,  catchers,  ^bc. 

Table  I.  List  of  railway  post-office  lines  in  the  United  States 
June  30, 1879,  showing  the  increase  and  decrease  in  the  serv- 
ice since  June  30,  1878. 

Table  K.  Description  of  the  railway  post-office  lines  con- 
tained in  Table  I^  and  also  of  all  route-agent  and  mail- 
route-messenger  bnes,  giving  the  contract  aesignations  of 
the  routes,  the  corporate  titles  of  the  railway  companies, 
the  railway  mail-service  designations  of  the  railway  post- 
offices,  the  distances  between  termini,  and  number  of  miles 
of  annual  service,  the  number  of  round  trips  per  week,  the 
number  and  dimensions  of  the  railway  post-office  cars  in 
use  on  each  railroad,  and  the  amount  or  the  service  per- 
formed by  day  and  by  night,  being  a  consolidation  of  taules 
K  and  L  of  the  report  for  1878. 
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Subject. 


PMtma8ter-G«neraly  repo^  of  the — Continued, 
Report  of  the  St^^erintendeni  of  the  Bailway  Mail  Service: 

Railway  post-office  clerks;  roate-agents — ^mail-route  measen- 
gers — ^local  mail* agents ;  necessity  for  readjustment  of  sal- 
aries of  employes  of  railway  mail  service ;  chief  head  clerks 
should  be  allowed  traveling  expenses — ^reclassification  of 
employes  recommended ;  number  of  employ^;  comparative 
statement  of  mail  service ;  extension  of  postal-car  service 
in  the  South;  errors  in  distribution  by  employes;  errors  in 
distribution  by  postmasters;  case  examinations:  list  of 
casualties:  uniforms:  conclusion. 
Beport  of  Tkiri  Aseietant  Poatmaster-  General : 

£xpliuiation  of  accompanying  tables;  operations  of  finance 
division ;  operations  of  postage-stamp  division ;  operations 
of  registration  division;  files,  records,  and  mails;  division 
of  dead  letters;  compensation  of  postmasters;  estimates 
for  appropriations;  condition  of  appropriations;  receipts 
and  expenditures;  receipts  and  disbursements  at  Treasury 
depositories ;  receipts  and  disbursements  at  depository  post- 
offices;  issues  of  postage-stamps,  d^c;  statistics  of  ctead- 
letter  office ;  statistics  of  registration. 

Ocean  mails,  pavments  for  transportation  of. 

Postal  service  of  England  and  France,  report  by  W.  A.  Knapp, 
chief  clerk  Post- Office  Department: 

The  British  postal  organization;  appointments;  salaries; 
uniforms—discipline  oranch:  transportation  of  mails ;  reg- 
istration ;  telegraphs — ^postal  savin^banks — dead  letters ; 
the  French  postal  service,  administration  and  appoint- 
ments; rulesgovemingappiointments;  salaries;  pensions; 
re^tration;  money-orders;  post-offices  and  postmasters — 
railway  service;  dead  letters— depredations  and  special 
agents ;  revenues  and  expenditures  lu  England  and  France ; 
conclusions;  safety  of  registered  matter  in  France  and  En- 
gland. 

Lottery  letters  in  the  mails,  opinions  and  argument  of  the 
Assistant  Attomev-Oeneral  for  the  Post-Office  Department. 

Besults  of  an  actual  count  of  mail-matter  originating  at  some 

of  the  principal  post-offices,  and  upon  all  railroad  and 

steamboat  lines,  ouring  the  nrst  seven  days  of  November, 

1879. 

Bepori  of  the  Auditor  of  the  Treaeuryfor  the  Poei-Offioe  Department : 

Collection  of  jiost-office  revenues;  revenue  account  of  the 
Post-Office  Department ;  summary  of  revenues  and  expend- 
itures; deficiency  appropriations;  mail  transportation; 
statement  of  collecting  division — accumulation  of  valueless 
files ;  statement  of  au^ted  accounts ;  postal  receipts  and 
expenditures;  miscellaneous  payments:  condition  oi  appro- 
priations; revenues  and  expenses  of  free-dilivery  offices: 
money-order  business:  weignt  of  foreign  mails;  statement 
of  receipts  and  losses  uy  postmasters  for  1877-76. 

Alphabatical  index. 
Postmaster-General : 

Letter  from,  relating  to  section  232  of  the  postal  laws  and  reg- 
ulations   

Letter  from,  relative  to  the  use  of  the  mails  for  lottery  purposes 

Letter  from,  transmitting  a  report  of  all  allowances  made  to 

contractors  during  the  fiscal  year  ending  June  30, 1879 

Poet-Office  Department,  quarterly  accounts  of  the  Treasurer  of  the 

UnitedStatesonaccount  of  the 

President  of  the  United  States,  annual  messa^  of  the , 

Hessage  from,  transmitting  a  report  relative  to  the  consulate 
at  Hong- Kong .* 

Message  mm  the,  transmitting  a  report  ftom  the  International 
Polar  Congress 

Messa^  from,  transmitting  the  report  of  the  public  land  com- 
mission   ..•.* 
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IX 


Sabjeot. 


Part 


SeeretAry  of  the  Interior,  annual  report  of  the — Cantimued. 

hospital;  Colambia  hospital  for  women;  Conrt  of  Clainm. 
TenriU>rie$:  Utah;  Washington  Territory;  New  Mexico: 
Dakota;  Idaho;  reconstraction  of  Indian  Department 
hntlding. 
Rkport  of  the  Commissionbb  of  Indian  Affairs  :  A  patent 
for  land;  penal  settlements;  sale  of  arms  to  Indians;  In- 
dian ednoation ;  Indian  freighting;  stock  cattle;  granaries 
and  root  hooses;  Indian  police;  marriages;  Poncas;  Chief 
Moses  and  his  people;  remnant  of  Dnll  Knife's  band;  Little 
Chief's  band  of  Cheyennes;  outbreak  of  the  Utes;  Ute 
commission  of  1878 ;  victoria  and  the  Sonthem  Apaches ; 
Joseph's  band  of  Nez  Percys ;  Mission  Indians ;  sanitary ; 
consolidation  of  agencies ;  Yakama  and  Malheur  agencies ; 
reservation  titled ;  invasion  of  the  Indian  Territory;  intru- 
sion on  Indian  lands;  law  for  Indian  reservations;  depre- 
dations on  Indian  timber ;  Board  of  Indian  Commissioners ; 
appraisement  of  Kansas  Indian  lands  in  Kansas.  Smarts 
of  Indian  Agents:  Colorado  River  Agency,  Arizona;  Pima 
Agency,  Arizona;  San  Carlos  Agency,  Arizona;  Hoopa 
Agency,  California;  Round  Valley  Agency,  California; 
Tule  River  Agency,  California ;  Mission  Agency,  San  Ber- 
nardino, Calilomia ;  Los  Pinos  Agency,  Colorado ;  Southern 
Ute  Agency,  Colorado;  White  River  Agency,  Colorado; 
Cheyenne  River  Agency,  Dakota ;  Crow  Creek  Agency, 
Dakota;  Devil's  Lake  Agency.  Dakota;  Fort  Berthola 
Agency,  Dakota;  Lower  Bnue  Agency,  Dakota;  Pine 
Ridge  Agency,  Dakota ;  Rose  Bud  Agency,  Dakota ;  Sisse- 


Arapahe  Agency,  Indian  Territory ;  Kiowa,  Comanche,  and 
Wichita  Agency,  Indian  Territory ;  Osage,  and  Kaw  Agency, 
Indian  Territory ;  Pawnee  Agency,  Indian  Territory ;  Ponca 
Agency,  Indian  Territory ;  Quapaw  Agency,  Indian  Terri- 
tory ;  Bac  and  Fox  Agency,  Indian  Territory ;  Sao  and  Fox 
Agency,  Iowa;  Kansas  Agency,  Pottawatomie  Reserve, 
Kansas;  Mackinac  Agency,  Michigan;  White  Earth  Agency, 
Minnesota;  Blackfeet  Agency,  Montana;  Crow  Agency, 
Montana ;  Flathead  Agency,  Montana ;  Fort  Peck  Agency, 
Montana ;  Fort  Belknap  Agency ;  Montana ;  Great  Nemaha 
Agency,  Nebraska ;  Otoe  Agency,  Nebraska :  Santee  Agency, 
Nebraska ;  Consolidated  Winnebago  and  Omaha  Agencies, 
Nebraska;  Nevada  Indian  Agency;  Western  Snoshone 
Agency,  Nevada ;  Abiquiu  Agency,  New  Mexico ;  Mescalero 
Agency,  New  Mexico;  Nav^o  Agency,  Arizona;  Pueblo 
Agency,  New  Mexico ;  Zuni  Pueblo  Day  School,  New  Mex- 
ico ;  New  York  Agency,  New  York ;  Grand  Rohde  Agency, 
Oregon  j  Klamath  Agency,  Ore»>n ;  Malbeur  Agency,  Ore- 
gon; Siletz  Agency,  Oregon;  Umatilla  Agency,  Oregon; 
Warm  Springs  Agency,  Oregon;  Uintah  Valley  Agency, 
Utah;  Fort  Colville  Agency,  Washington  Territory;  Col- 
ville  Agency,  Washin^on  Territory ;  Neah  Bay  Agency, 
Washington  Territory ;  Puyallup,  Nesqnally,  d:c.,  Agency, 
Washington  Territory ;  Qninaielt  Agency,  Washington  Ter- 
ritory;  S'Kokomish  Agency,  Washington  Territory;  Tula- 
lip  Agency,  Washington  Territory ;  Yakama  Agency,  Wash- 
ington Territory ;  Green  Bay  Agency,  Wisconsin ;  La  Pointe 
Agency,  Wisconsin ;  Shoshone  and  Bannock  Agency;  re- 
p^  of  Sboshone  scbool ;  report  of  Arapaho boarding  school ; 
report  of  the  Ute  commission ;  report  of  commission  to  re- 
appraise Kaw  lands  in  Kansas ;  letter  of  Chief  Spotted  Tail 
tononorable  Secretary  of  the  Interior:  Indian  legislation 
by  the  third  session  of  the  Forty -fiftn  Congress,  and  the 
first  session  of  the  Forty-sixth  Congress ;  proclamation  by 
the  President ;  liabilities  of  United  States  to  Indian  tribes. 
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Subject. 


Secretary  of  the  iDlerior,  annaal  report  of  the — Continued, 

&c,:  trust  fands  and  trust  lands;  investments  of  Indian 
funds,  &4i. ;  redemption  of  bonds,  &.c. ;  list  of  Indian  tribes 
for  whom  stock  is  held  by  the  United  States,  ^c.;  stock 
account.  &c. ;  stock  held  in  trust  by  United  States  for 
tribes,  &c. ;  funds  held  in  trust  by  United  States,  Sec. ;  in- 
terest collected  on  United  States  bonds  in  gold,  &.c. ;  interest 
collected  on  United  States  bonds  in  currency,  &Ai. ;  interest 
collected  on  State  bonds,  &c,;  interest  appropriated  by 
Congress  on  non-paying  State  bonds,  &,c, ;  appropriations 
for  Indian  tribes  and  Indian  service  for  fiscal  year  ending 
June  3U,  1880,  Sec, ;  receipts  and  disbursements  on  account 
of  sales  of  Indian  lands.  &c, ;  executive  orders  affecting 
Indian  reservations;  Indian  reservations,  agencies,  denom- 
inations nominating  agents,  tribes  occupying  or  belonging 
to  reservations,  &c, ;  statistics  relating  to  population,  edu- 
cation, &Ai,'f  table  showing  agricultural  improvements, 
stock,  productions,  &c, ;  vital  statistics,  S[4i, ;  Indian  agen- 
cies assigned  to  the  several  religious  denominations;  Board 
of  Indian  Commissioners,  with  their  post-office  address; 
Indian  agencies,  agents,  with  post-office  and  telegraphic 
addresses. 

General  Land  Office:  Letter  of  Commissioner,  transmit- 
ting his  annual  report;  report  of  Commissioner;  surveys; 
survey  of  Calumet  Lake ;  survey  of  Cherokee  lands  in  North 
Carolina ;  resurvey  of  the  Cattaraugus  Indian  Reservation ; 
Old  Cherokee  Indian  Reservation ;  survey  aud  subdivision 
of  Rod  Cloud  and  Spotted  Tail  Reserves  in  Dakota;  sur- 
vey of  the  Colora'.^o  aud  Utah  boundary;  abstract  of  de- 
cisions affecting  surveys;  circular  in  reUtion  to  assignment 
of  certificates  of  deposit  on  account  of  surveys ;  disposals  of 
public  lands;  pre-emptions;  homesteads;  timber  culture; 
grants  for  railroads,  wagoi^roads,  and  canals;  circular  in- 
structions to  registers  and  receivers  relatinjf  to  the  adjust- 
ment of  railroad  grants;  mineral  lands;  acj^justment  of  ac- 
counts; timber  lands,  timber  depredations;  private  land 
claims;  Southern  public  lands;  abandoned  military  reser- 
vations; reservations  of  public  lands  for  military  purposes; 
clerical  force  and  work  of  the  General  Land  Office;  area  of 
public  domain  surveyed  during  fiscal  year;  lands  sold  and 
entered  under  homestead  and  timber  culture  act;  swamp 
lands;  issues  and  locations  with  bounty-land  warrants; 
concessions  to  States  and  corporations  for  railroads  and  mil- 
itary wagon-road  purposes;  concessions  to  States  for  canal 
purposes  |  time  when  railroad  rights  attach  to  lands  granted ; 
lapsed  railroad  grants ;  rights  of  way  to  railway  companies ; 
abstract  of  suspended  cases  in  the  public  land  division  oout 
firmed  by  the  board  of  adjudication ;  abstract  of  suspended 
cases  rejected  by  the  lN>ard  of  equitable  adjudication ;  esti- 
mates of  appropriations  for  the  fiscal  year  ending  June  30, 
1881;  historical  and  statistical  table  of  the  United  States 
and  Territories.  Iteports  of  the  Surveyors-General :  Arizona; 
California;  Colorado;  Dakota;  Florida;  Idaho;  Louisiana; 
Minnesota:  Montana;  Nebraska;  Nevada;  New  Mexico; 
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REPORT  OF  THE  CHIEF  OF  ORDNANCE. 


Wab  Department,  Ordnance  Office, 

Washington,  October  20, 1879. 
The  Hon.  Secretary  of  War  : 

Sm :  I  have  the  honor  to  submit  the  following  report  of  the  principal 
oi)erations  of  the  Ordnance  Dei)artment  during  the  fiscal  year  ended 
June  30, 1879,  with  such  remarks  and  recommendations  as  the  interests 
of  this  branch  of  the  military  service  seem  to  require. 

Under  the  various  laws  of  the  United  States,  the  Ordnance  Depart- 
ment provides  arms  and  munitions  of  war  for  the  whole  military  estab- 
lishment, and  has  charge  of  the  dtmories,  arsenals,  and  other  ordnance 
establishments  for  their  manufacture,  repaii's,  and  storage.  Thus  at  the 
present  time  the  department  is  providing  ordnance  and  ordnance  stores 
for  the  searcoast  fortifications,  the  whole  body  of  the  militia,  the  Military 
Academy,  and  the  Artillery  School,  and  the  Eegular  Army,  in  the  mili- 
tary establishment,  and  to  the  Treasury,  Post-Office,  and  Interior  De- 
partments, and  the  Fish  Commission,  the  Marine  Corps,  and  the  thirty 
coUeges  authorized  by  section  1225  Eevised  Statutes.  In  addition  to 
this  work  it  is  charged  with  other  important  duties  in  connection  there- 
with not  now  necessarv  to  enumerate. 

The  fiscal  resources  and  expenditures  of  the  department  during  the 
year  were  as  follows,  viz : 

Amouut  in  the  Treasury  to  the  credit  of  appropriations  on  June  30, 
1878 $100,402  96 

Amonnt  in  the  Treasury  not  reported  to  the  credit  of  ai)propriations  on 
June30,  1878 19,034  95 

Amount  in  government  depositories  to  the  credit  of  disbursing  oflicei-s 
and  others  on  June  30,  1878 161, 134  72 

Amount  of  appropriations  for  the  service  of  the  fiscal  year  ended  June 
30,1879 1,410,054  41 

Amount  refunded  to  ordnance  apiiropriations  in  settling  accounts  dur- 
ing the  fiscal  year  ended  June  30,  1879 27,394  40 

Gross  amount  received  during  the  fiscal  year  ended  June  30,  1879,  from 
sales  to  officers;  from  rents;  from  collections  from  troojis  on  account 
<>na*48e8  of,  or  damage  to,  ordnance  stores;  from  Chicago,  Rock  Isl- 
and, and  Pacific  Railroad  Company;  from  exchange  of  powder;  from 
'Jales  of  condemned  stores ;  and  from  all  other  sources  not  before  men- 
tioned   74,638  30 

TotAl 1,792,659  74 


( 
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Amount  of  expenditures  during  the  fiscal  year  ended  June  30,  1^79,  in- 
cluding expenses  attending  sales  of  condemned  stores,  exchange  of 
powder,  &c $1,443,99 

Amount  depo8ite<l  in  the  Treasury  during  the  fiscal  year  ended  June  30, 

1879,  as  proceeds  of  sales  of  government  property 9, 14 

Amount  lapsed  in  tlie  Treasury  from  the  appropriation  "Ordnance  ma- 
terial," under  act  of  March  3, 1875,  during  the  fiscal  year  ended  June 
30,1879 20 

Amount  transferred  from  ordnance  appropriations  in  settling  accounts 
during  the  fiscal  year  ended  June  30,  1879 39 

Amount  turned  in  to  the  "siiri)lus  fund"  on  June  30, 1878,  and  June  30, 
1879 33,14 

Amount  in  govenmient  depositories  to  the  credit  of  disbursing  officers 

and  others  on  June  :J0,  1879 77,84 

Amount  in  the  Treasury  not  reported  to  the  credit  of  appropriations  on 
June  30, 1879 3,07 

Amount  in  the  Trea«urj'  to  the  credit  of  appropriations  on  June  30, 
1879 224,84 

Total..-.. 1,792,65 

STATIONS  AND   DUTIES. 

With  few  exceptions,  the  stations  and  duties  of  the  officers  remain 
same  as  reported  last  year,  viz :  Two  at  the  Ordnance  Office;  thirty-J 
at  the  arsenals,  armory,  and  powder  depots ;  eight  at  the  ordna 
agency,  on  the  Ordnance  Board  and  at  the  foundries ;  seven  at  the 
ferent  military  headquarters  and  ordnance  depots ;  four  at  the  Milil 
Academy;  two  under  the  orders  of  the  honorable  Secretary  of 
Interior,  and  two  on  leave  of  absence  (sick).  Captains  C.  E.  Dui 
and  Pitman  have,  on  application  of  the  Secretary  of  the  Interior,  I 
detailed  for  duty  in  that  department,  and  Lieutenant  Lyle  still  contii 
on  duty  in  the  Life-Saving  Sefsice  under  the  Secretary  of  the  Treas 
Under  the  operations  of  existing  laws,  four  officers  have  been  transfe: 
to  the  department  from  the  line  of  the  Army,  after  passing  satisfac 
examinations  preliminary  thei^to. 

During  the  past  year  death  has  taken  one  of  our  most  meritor 
officers — Lieutenant-Colonel  Treadwell.  To  abilities  of  no  common  or 
and  to  services  highly  distinguished,  he  added  a  pure  record  an 
kindly  nature,  and  his  loss  is  deplored  by  the  entire  department. 

All  of  the  officers  of  the  department  have  been  busily  engaged  on 
important  duties  devolved  upon  them  by  law,  'and  the  results  of  s 
of  their  labors  are  shown  in  the  many  interesting  and  valuable  pa 
appended. 

I  append  a  roster  of  the  corps,  with  the  stations  and  duties  of  < 
officer. 

ARSENALS,  ARMORIES,  AND  DEPOTS. 

The  various  duties  at  our  ordnance  establishments  have  been 
formed  in  a  most  satisfactory  way,  and  the  moneys  appropiiated  fo 
pairs  and  improvements  have,  it  is  believed,  been  expended  in  an 
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Lomical  and  judicious  manner,  yet  in  moat  instances  the  money  available 
has  been  of  so  small  an  amount  as  to  i^reclude  anything  but  the  most 
minor  work.  I  have  estimated  for  the  next  fiscal  year  for  sums  which 
I  consider  should  be  granted  to  enable  me  to  properly  preserve  and  pro- 
tect the  large  public  property  imder  the  control  of  the  department. 

By  a  reference  to  the  report  of  the  operations  carried  on  at  the  Rock 
Island  Arsenal  it  will  be  seen  that  the  construction  of  the  new  buildings 
has  progressed  in  a  satisfactory  manner,  and  with  the  aid  of  the  new 
appropriations  asked  for,  the  workshops  will  soon  be  in  a  condition  to 
receive  their  machinery  and  commence  manufacturing  to  meet  the  futui*e 
wMits  of  the  country. 

The  ordnance  depots  have  met  the  expectations  of  this  office,  and 
have  proven  to  be  of  great  convenience  in  speedily  supplying  the  troops 
serving  in  the  field  against  the  hostile  Indians.  Ample  supplies  have 
been  collected  and  placed  under  the  immediate  control  of  the  miUtary 
commanders  interested,  and  by  them  have  been  distributed  to  their 
commands  as  occasion  has  demanded. 

An  officer  of  the  department  is  now  engaged  in  examining  the  various 
sites  offered  for  the  establishment  of  the  new  powder  depot  on  the  At- 
lantic coast,  and  it  is  presumed  that  he  will  soon  be  able  to  recommend  a 
suitable  location,  when  steps  will  be  taken  to  secure  sufficient  land  for 
the  erection  of  the  proper  magazines  and  other  buildings  for  the  storage 
and  handling  of  powder. 

I  beg  to  ask  the  especial  attention  of  the  Secretary  of  War  to  my 
estimate  for  continuing  the  boring  of  the  artesian  well  at  the  Benicia 
Arsenal  to  a  depth  sufficient  to  determine  whether  a  good  supply  of 
palatable  water  can  be  i)rocured.    The  well  has  now  reached  a  depth  of 
1,407  feet,  and  it  is  thought  proper  to  carry  it  down  600  feet  more.    A 
perusal  of  the  interesting  report  of  the  commanding  officer  of  that 
arsenal  (Appendix  L)  will  show  what  difficulties  have  been  encountered 
and  overcome  so  far,  and  what  may  be  expected  in  the  future  progress 
of  the  work.    The  many  artesian  wells  on  the  Pacific  coast  have  been 
of  a  depth  only  sufficient  to  reach  surfaee  water,  which  is  neither  con- 
stant in  quantity  nor  sufficient  in  supply.    Whether  at  a  depth  such  as 
has  been  reached  in  other  quarters  of  the  globe  a  full,  constant  supply  can 
be  obtained,  is  a  matter  that  deeply  concerns  the  manufacturing  and 
agricultural  interests  of  the  Pacific  coast,  and  1  trust  ^that  it  ^vill  be 
deemed  of  sufficient  importance  to  stronglj^  recommend  to  Congress  the 
desirability  of  a  proper  appropriation  to  demonstrate  its  success  or 
failure. 

A  recent  official  Aisit  to  the  Benicia  Arsenal  has  impressed  me  most 
forcibly  with  the  wants  of  that  national  establishment,  and  the  pressing 
necessity  of  enlarging  and  perfecting  its  manufacturing  and  storing  facili- 
ties. Under  the  careful,  economical,  and  intelligent  command  of  Lieu- 
tenant-Colonel McAllister  the  arsenal  has  been  established  on  a  satis- 
factory basis,  refiecting  gi^eat  credit  on  his  executive  and  administrative 
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capacity  and  professional  attainments.  The  constantly  increasing  wants, 
of  the  Pacific  coast  demand  the  fostering  care  on  the  part  of  Congresa^ 
of  this,  the  only  manufacturing  establishment  owned  by  the  XJnite<l. 
States  in  that  region.  I  earnestly  recommend  liberal  appropriations  foir 
that  arsenal. 

I  have  renewed  my  estimate  for  an  appropriation  to  purchase  a  small 
tract  of  land  adjoining  the  San  Antonio  Arsenal.  It  is  absolutely  indis- 
pensable for  the  security  of  the  arsenal  buildings  and  the  public  prop— 
erty  stored  therein  that  the  government  should  own  this  property.  Its 
proximity  to  the  frontier  may  some  day  require  an  increase  to  its  capac- 
ity, and  this  additional  ground  will  be  absolutely  necessary.  Its  pur- 
chase has  been  often  recommended,  and  the  recommendation  ha«  always 
received  a  favorable  hearing  in  the  Congress,  but  so  far,  from  some  cause^ 
the  necessary  funds  have  not  been  appropriated.  Executive  Documents 
No.  48,  House  of  Kepresentatives,  Forty-second  Congress,  third  session^ 
fully  explains  the  necessity  of  its  early  acquirement. 

Since  my  last  report,  the  erection  of  a  building  at  the  proving  groun<3. 
at  Sandy  Hook,  N.  J.,  has  been  nearly  completed,  and  it  is  now  occu — 
pied  for  the  purpose  intended,  giving  good  accommo<lations  for  the  offi — 
cers  and  others  interested  in  the  important  labors  at  all  times  in  i)ro^ 
gress.    During  the  present  fiscal  year  the  quai'ters  authorized  for  th^^ 
superintendent  of  the  grounds  will  be  completed,  and  the  work  of  grad — 
ing  and  leveling  the  grounds,  so  fai'  as  the  limited  appropriation  will  per — 
mit,  will  be  carried  on.    To  make  the  proving  ground  what  it  should  b^ 
requires  additional  facilities  for  the  storage  of  powder  and  other  ord- 
nance property,  and  for  the  accommodation  of  the  force  of  mechanics 
and  laborers  at  all  times  employed  there,  and  to  meet  those  requirement* 
I  have  asked  for  certain  sums  of  money  to  be  exi>ended  during  the  next 
fiscal  year,  the  detailed  necessity  for  which  is  set  forth  in  the  Book  of 
Estimates,  and  to  which  I  beg  to  refer. 

ARMAMENT  OF  FORTIFICATIONS. 

An  estimate  of  $950,000  for  this  purpose  has  been  submitted  for  the 
next  fiscal  year.  The  limited  appropriations  for  the  year  1878-'79  for 
sea-coast  armament  have  been  mainly  used  in  the  conversion  of  10-inch 
smooth-bores  into  8-inch  rifles,  and  the  provision  of  carriages  for  the 
same,  and  existing  contracts  are  now  rapidly  approaching  completion. 

In  my  report  of  1878, 1  stated  that — 

There  are  but  two  manufacturing  establishments  in  the  countrj'  having  the  facilities 
and  experience  necessary  for  the  conversion  of  guns  on  the  plan  adopted.  These  are 
the  West  Point  Foundery,  Cold  Spring,  New  York,  and  the  South  Boston  Foundery, 
Massachusetts,  both  of  which  have  done  foundery  work  'for  the  government  since  the 
commencement  of  the  century.  As  in  all  probability  we  will  have  to  depend  on  theso 
establishments  in  the  future,  the  department  ought  to  be  in  condition  to  keep  them  in 
sufficient  orders  to  preserve  the  plant  and  mechanical  skill  without  loss  to  the  com- 
panies. 


REPORT  OF  THE  CHIEF  OF  ORDNANCE.   i         7 

And  added — 

Irrespective,  however,  of  any  consideration  of  persons  or  profit  the  present  urgent 
wants  of  onr  forts  for  armament,  and  the  impossibility  of  supplying  it  except  by  a  slow 
ttid  careful  process  incompatible  with  the  rush  of  events  in  impending  war,  the  economy 
of  working  at  present  prices,  besides  giving  the  idle  mechanic  the  privilege  of  labor- 
ing for  his  bread,  all  appeal  to  Congress  for  a  large  permanent  annual  appropriation 
for  this  national  necessity. 

My  convictions  as  to  the  soundness  of  the  policy  of  extending  gov- 
eramental  support  to,  and  thereby  actually  keeping  in  existence,  the 
only  establishments  in  the  country  organized  and  fitted  to  fabricate 
heavy  ordnance,  are  deepened  by  a  fuller  consciousness  of  how  inade- 
quately we  are  provided  in  this  respect  for  even  common  emergencies. 
This,  taken  in  connection  with  the  fact  that  our  present  sea-coast  arma- 
ments (principall3^  composed  of  smooth-bores)  are  almost  useless  for 
coping  with  the  heavy  artillery  of  the  present,  leads  me  again  to  urgently 
recommend  that  Congress  be  asked  to  consider  the  granting  of  liberal 
appropriations  for  our  national  defenses,  as  a  matter  of  the  first  im- 
portance. 

The  alterations  of  casemate  carriages  for  8-inch  converted  rifles  have 
progressed  satisfactorily  during  the  past  year,  the  product  enabling  us 
to  provide  for  the  guns  which  have  been  so  far  converted,  and  now 
available  for  mountiug  by  the  department.  In  consequence,  seventy-five 
8-inch  rifles  ordered  for  distribution  now  occupy  their  emi^lacements  in 
the  forts,  or  will  shortly  be  in  their  positions ;  and,  although  the  num- 
ber is  small  and  the  guns  of  inadequate  power  for  the  more  important 
positions  (now  occupied  principally  by  smooth-bore  guns),  yet  they  pro- 
vide i>owerful  batteries  for  our  existing  casemates  of  contracted  dimen- 
sions, and  hence  the  conversion  of  10-inch  smooth-bores  should  be  con- 
tinned  as  rapidly  as  funds  for  the  purpose  are  provided. 

In  this  connection,  however,  it  is  to  be  remarked  that  the  provision  of 
guns  of  much  higher  powers  is  a  first  necessity,  and  that  the  expendi- 
tures of  moneys  looking  to  the  provision  of  the  latter  should,  if  practi- 
cable, take  precedence  in  the  use  of  funds  over  all  oth^r  constructions. 
In  consequence  of  these  views,  the  conversion  of  a  15-inch  smooth- 
bore into  an  11-inch  rifle — referred  to  in  my  report  of  last  year — was 
undertaken,  and  the  gun  is  now  on  the  grounds  at  Sandy  Hook  under- 
going its  proof.  It  has  been  fired  up  to  date  only  33  rounds,  and  with 
charges  varj'ing  from  70  to  85  pounds,  and  shot  weighing  from  503  to 
506  pounds.  The  trials  are  too  few,  of  course,  to  draw  any  inferences  as 
to  its  ultimate  endurance ;  but  it  may  be  stated  that  the  gun  appears, 
so  far,  to  be  sound  in  all  respects.  Its  test  will  be  pushed  forward  to 
a  completion  as  rapidly  as  the  circumstances  attending  the  proof  will 
admits 

The  want  of  means,  and  the  introducing  of  some  changes  in  the  trav- 
erse gear  of  the  chassis  of  the  carriage  of  the  12-incli  rifle,  have  led 
to  a  suspension  of  the  trials  with  this  gun. 
The  10-inch  rifle,  also,  has  only  been  fired  a  few  rounds  since  the  last 
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rei)ort,  it  being  thought  more  important  to  apply  our  available  means  to 
the  test  of  the  11-inch  construction ;  also  to  retain  it,  for  the  present, 
for  use  in  the  important  duty  of  testing  difierent  experimental  iK)wder8 
and  projectiles. 

The  important  tests  of  the  8-inch  breech-loading  rifle,  converted  fix)m 
a  10-inch  smooth-bore  gun,  and  mentioned  as  completed  and  under  proof, 
in  my  last  report,  are  still  in  progress,  and  up  to  date  202  rounds  (190 
with  full  battering  charges)  have  been  successfully  completed.  The 
endurance  so  far  has  proved  satisfactory,  and  no  e\idences  of  want  of 
endurance  in  its  special  construction  have  been  so  far  afibrded;  and  we 
have  good  grounds  for  the  opinion  that  it  will  stand  its  thorough  proof, 
and  establish  the  fact  that  we  can  convert,  after  this  ^system,  our  orig- 
inal smooth-bore  cast-iron  guns  into  breech-loaders,  or  produce  original 
breech-loading  cannon  of  the  heaviest  construction,  using  in  a  short 
time  wholly  the  products  of  our  own  founderies  and  other  manufactur- 
ing establishments. 

In  my  report  of  1876  I  alluded  to  the  decided  advantages  to  be  de- 
rived from  the  use  of  breech-loading  rifles,  especially  in  casemated 
works.  Since  then  the  unfortunate  disaster  on  board  of  the  "Thun- 
derer" (the  bursting  of  a  38-ton  M.  L.  gun  by  the  accidental  insertion 
of  two  charges — impossible  to  occur  in  breech-loaders)  and  the  unex- 
celled results  (in  power,  accuracy,  and  successful  manipulation)  recently 
attained  at  Meppen  by  Herr  Krupp  in  the  trials  of  his  bi^eech-loading 
guns  of  70  and  18  tons,  have  led  to  the  conviction  that  it  is  highly 
probable  that  the  general  introduction  of  breech-loadiug  instead  of  muz- 
zle-loading cannon  in  the  armaments  of  Europe — for  all  heavy  ord- 
nance especially — is  a  mere  matter  of  time.  In  fact,  the  high  charges  now 
emi)loyed — ^requiring  long  and  large  chambers,  and,  as  a  sequence  to 
their  use,  great  lengths  of  bores,  so  increases  the  cumbersomeness  and 
inconveniences  of  the  loading  apparatus  required  for  muzzle-loaders 
(besides  resulting  in  exposiue  to  personnel  and  materiel)  that  it  is 
believed  it  will  be  decidedly  difficult,  if  not  almost  impracticable,  to 
operate  muzzle-loaders  constructed  after  the  ^nore  recent  models  with 
desirable  convenience  and  safety. 

These  facts  have  not  been  lost  on  the  department,  and  plans  are  now 
in  its  possession  looking  to  the  prompt  application  of  the  principles  of 
chambering  and  breech-loading  to  our  present  guns,  and  to  new  con- 
structions, whenever  favorable  action  on  the  part  of  Congress  will  en- 
able us  to  undertake  the  introduction  into  our  service  of  these  recent 
and  most  important  and  decided  improvements. 

Chambered  rifles. — The  decided  advantages  resulting  fix)m  the  intro- 
duction of  chambers,  with  increased  lengths  of  bores,  for  the  employment 
of  heavy  charges,  have  been  demonstrated  by  testing  a  3-inch  rifle 
chambered  and  lengthened. 

This  gun  was  selected,  as  it  enabled  the  department,  in  a  prompt  and 
inexi)ensive  manner,  to  test  these  novel  features.    The  results,  as  shown 
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by  the  record,  were  highly  satisfactory,  and  equaling  those  obtained 
abroad.  An  initial  velocity  of  2,025  feet  was  reached  by  the  use  of  5 
pounds  13  ounces  of  powder  with  10.5  pound  projectile,  the  pressures 
only  being  30,000  pounds  per  square  inch. 

The  highest  velocity'  yet  attained  with  the  ordinary  3-inch  rifle  is, 
with  the  highest  charge  practicable,  3  pounds  of  powder  with  10.5 
pound  projectile,  1,558  feet,  with  a  pressure  of  36,333  pounds  per  square 
inch. 

The  inii)ortance  of  changing  our  rifling  to  a  more  rapid  twist,  if  found 
by  exi>erinients  to  be  practicable,  has  been  recognized  for  some  time  by 
the  department,  and  a  3-itich  rifle  with  a  shorter  twist  than  found  in  the 
service  gun  has  been  prepared  and  is  now  under  trial  with  varying 
weights  and  lengths  of  projectiles. 

It  is  believed  that  the  results  will  be  valuable  in  practically  demon- 
strating the  increased  capacity  and  power  from  the  use  of  a  shorter 
twist,  and  that  they  will  show  the  advisability  of  using  a  more  rapid 
twist  in  our  heavy  calibers. 

Breech-loading  field  rifle. — A  wrought-iron  field  gun  was,  on  plans 
recommended  by  Lieutenant-Colonel  Crispin,  constructor  of  ordnance, 
converted,  at  small  expense,  into  a  breech-loading  rifle.  The  results  of 
its  trial  have  been  very  satisfactory,  and  the  Ordnance  Board  recom- 
mends that  a  battery  of  these  be  made  for  issue  to  the  ser\ice  for  com- 
petitive trials  with  the  muzzle-loaders.  As  this  experiment  can  be  made 
at  trifling  expense  by  converting  guns  on  hand,  and  enable  us  to  get 
an  expression  of  opinion  from  artillery  officers  as  to  the  relative  merits 
of  muzzle  and  breechloaders  for  service,  the  recommendation,  if  it 
meets  your  approval,  \vill  be  carried  out  at  the  earliest  practicable 
moment. 

Powder  tests. — ^During  the  paat  year  tests  have  been  made  of  a  variety 
of  samples  of  exx)erimental  i)Owders  for  the  11-inch,  8-inch,  4.6-inch,  and 
3-inch  rifles,  and  the  results  obtained  are  summarized  and  appended  to 
the  firing  records  of  those  several  guns. 

These  experiments,  though  not  yet  completed,  undoubtedly  indicate 
progress  in  the  right  direction ;  and  it  is  confidently  believed  that  ere 
long  we  will  be  enabled  to  procure  powders  which  will  give  in  these 
several  guns  about  the  initial  velocity  desired,  with  moderate  and  safe 
pressures.  In  this  connection,  it  may  be  said  that  great  credit  is  due 
Messrs.  Du  Pont  &  Co.  for  the  intelligent  manner  in  which  they  have 
interpreted  the  results  of  the  experiments  and  promptly  met  the  wants 
of  the  department  in  furnishing  samples. 

Experimental  guns. — Under  the  act  of  Congress  approved  June  6, 1872, 
appropriating  funds  for  the  procurement  and  tests  of  experimental  rifled 
ordnance  of  heavy  calibers  (to  be  selected  by  a  board  of  officers  of  the 
United  States  Anny  to  be  appointed  by  the  honorable  Secretary  of 
War),  the  department,  under  the  authority  of  law,  has  prociu-ed,  amongst 
others,  several  guns  which  are  now  on  hand  at  the  proving-ground  at 
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Sandy  Hook  awaiting  tiial.  These  guns  are  the  Woodbridge  10-inch 
rifle,  the  Thompson  12-inch  breech-loading  rifle,  the  Sutclifte  9-inch 
breech-loading  rifle,  the  Lyman  multicharge  gun,  and  the  Mann  8-inch 
breech-loading  rifle. 

The  Woodbridge  gun  has  been  fired  ten  rounds ;  the  Thompson  two 
rounds ;  the  Sutclifte  twenty-six  rounds ;  the  Mann  eleven  rounds,  and 
the  Multicharge  gun  three  rounds. 

The  extent  of  the  tests  so  far  made  are  meager  in  the  extreme,  and  no 
evidence  of  any  special  importance  of  the  merits  of  any  one  of  these  ex- 
perimental guns  has  consequently  been  obtained.  They  have  been  in 
tlie  possession  of  the  department,  awaiting  trial,  for  three  or  four  years, 
but  want  of  funds  to  undertake  what  may  be  regarded  as  a  suitable 
proof  has  prevented  the  prosecution  of  the  work.  They  were  selected 
by  a  board  of  officers  after  careful  investigation  as  to  their  presiuned 
merits  as  systems  of  construction  (both  breech  and  muzzle-loaders),  and 
have  been  procured  at  considerable  expense  to  the  government. 

In  view  of  the  facts  that  they  were  provided  for  experiments  and  tests, 
and  that  none  have  so  far  been  made  to  any  extent,  and,  in  view  of  the 
developments  to  be  expected  regarding  the  numerous  questions  involved 
in  gun  constructions,  both  muzzle-loading  and  breech-loading,  the  in- 
teresting and  imi)ortant  developments  to  be  made  in  the  furthemnce  of 
the  solution  of  the  ballistis  questions  now  occupying  the  attention  of  the 
civilized  world,  and  improvements  to  be  developed  in  powders,  projec- 
tiles, and  systems  of  rifling,  &c.,  some  measures  looking  to  the  trial  of 
these  guns,  and  as  contemplated  by  law  of  June  6,  1872,  and  to  fully 
test  these  different  inventions  (recommended  by  the  board  organized 
under  the  act),  should  be  instituted  by  the  department.  I  have  accord- 
ingly estimated  for  $117,600,  which,  if  appropriated,  will  enable  me  to 
have  the  merits  of  these  different  systems  fully  determined. 

Machine  guns. — The  only  tests  under  this  head  during  the  current 
year  have  been  those  incident  to  the  trial  of  a  flank  defense  carriage 
adapted  for  the  service  of  the  flank  defense  Hotchkiss  revolvhig  cannon. 

The  necessity  of  a  practical  carriage  for  use  with  this  gun  was  apparent 
to  the  department,  and  a  carriage  devised  by  the  constnictor  of  ord- 
nance has  been  tested  with  satisfactory  results,  and  recommended  for 
adoption  by  the  Ordnance  Board. 

MILITIA. 

Under  the  Constitution,  "Congress  shall  have  power" — 

To  provide  for  caUing  forth  the  militia  to  execute  the  laws  of  the  Union,  suppress 
insurrections  and  repel  invasions. 

To  provide  for  organizing,  arming,  and  disciplining  the  militia,  and  for  governing  such 
part  of  them  as  may  be  emi^loyed  in  the  service  of  the  United  States,  reserving  to  the 
States,  respectively,  the  appointment  of  the  officers,  and  the  authority  of  training  the 
militia  according  to  the  discipline  prescribed  by  Congress. 

To  make  all  laws  which  shall  be  necessary  and  proper  for  carrying  into  execution 
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the  foregoing  powers,  and  all  other  powers  vested  by  this  Constitution  in  the  Govern- 
ment of  the  United  States^  or  in  any  department  or  officer  thereof. 

No  State  shall,  without  the  consent  of  Congress,  ♦  *  ♦  keep  troops,  or  ships  of 
war  in  time  of  peace,  *  *  *  or  engage  in  war,  unless  actually  invaded,  or  in  such 
icminent  danger  as  will  not  admit  of  delay. 

« 

For  many  years  there  has  been  a  growing  feeling  throughout  the 
country  in  favor  of  a  reorganization  of  our  militia  system.  To  perfect 
our  present  organization,  or  to  improve  it  by  alteration,  requires  the 
action  of  Congress.  That  Congress  has  full  power  to  provide  for  organ- 
ising the  militia  in  time  of  peace,  under  the  above-quoted  pro\isions  of 
the  Constitution,  there  can  be  no  doubt,  and  Congress  ha«  exercised 
this  power  in  the  obsolete  and  meager  laws  now  on  our  statute-books ; 
but  there  has  been  no  practical  means  provided  for  enforcing  obedience 
to  these  laws.  Everything  is  left  to  the  discretion  of  the  individual 
States.  A  few  of  the  States  have  small  but  well-regulated  bodies  of 
troops,  while  others  have  none,  or,  if  any,  undisciplined,  ununiformed 
and  indifferently  equii>ped.  It  seems  to  me  that  the  time  has  come 
when  the  subject  of  raising,  arming,  and  equipping,  disciplining,  and 
keeping  in  readiness  for  service  a  part  of  our  militia,  should  receive  the 
thoughtfiil  attention  of  Congress. 

That  a  portion  of  the  militia  should  in  a  sense  be  mobilized  requires 
no  argument,  and  this  active  portion  should  be  distributed  equally 
throughout  the  country  according  to  i)opulation. 

By  establishing  the  principle  by  legal  enactment,  that  Congress  will 
help  only  those  who  help  themselves,  and  providing  that  arms  and 
equipments  will  not  be  issued  to  a  State  except  in  proportion  to  its  prop- 
erly enrolled  and  organized  active  militia,  and  that  a  per  diem  for  camp 
services  shall  be  paid  to  those  individuals  only  who  are  i^resent  in 
camx),  and  only  for  the  days  that  they  are  present  and  actually  employed, 
the  States  and  people  may  be  brought  to  a  realizing  sense  of  the  neces- 
sity for  prompt  and  permanent  action  in  a  matter  so  vital  to  the  military 
power  of  the  nation.    The  general  government,  under  the  law  of  1808, 
now  supplies  arms  and  equipments  to  the  militia  of  the  States,  and 
there  is  no  reason  why  their  issue  should  not  be  made  dependent  on 
acts  to  be  i)erformed  by  the  States,  such  as  the  organization  and  disci- 
phne  of  a  certain  portion  of  the  militia. 

I  have,  therefore,  to  recommend  that  provision  be  made  by  law  for 
organizing,  arming,  and  disciplining  a  militia  force  of  two  hundred 
thousand  men,  distributed  among  the  States  in  the  proportion  of  about 
seven  hundred  men  to  eaeh  Congressional  district  and  Territory,  and 
the  District  of  Columbia. 

To  make  this  practicable  will  require  large  annual  appropriations^ 
appropriations  that  must  be  permanent,  at  least  for  a  few  years,  to  give 
a  trial  to  the  scheme. 

In  il\e  first  pluce^  there  should  be  an  annual  appropriation  of  $1,000,000 
for  arms  and  equipments,  which  would  give  about  83,000  for  the  troops 
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in  each  CoiigressioDal  district.  The  necessity  for  this  increase  of  the 
annual  appropriation  for  arming  and  equipping  the  militia  is  so  well 
understood  and  appreciated,  has  been  so  often  referred  to  at  length  in 
official  reix>rts  from  this  office  and  the  War  Department,  that  no  lengthy 
discussion  is  called  for. 

The  aggregate  strength  of  the  militia  of  the  United  States,  as  taken 
fix)m  the  last  Army  Eegister,  is  as  follows : 

Organizeil 113,873 

Unorganized 3,822,114 

and  only  $200,000  is  annually  appropriated  for  their  arms  and  equip- 
ments. With  our  small  standing  army,  the  country  must  recruit  its  fight- 
ing force  from  the  people  on  the  instant  upon  the  breaking  out  of  war. 
The  soldiers  who  fought  our  recent  battles  will  soon  pass  from  the  scene, 
or  become  too  old  for  active  ser\ice,  and  most  of  the  experience  of  the 
war  will  be  lost  to  the  country,  with  the  actors  in  their  graves.  Half  a 
generation  has  passed  away  since  the  close  of  that  mighty  struggle.  In 
a  very  few  years  dei>endence  will  have  to  be  placed  on  the  raw  recruit; 
and  while  the  experience  of  the  bivouac  and  battle  cannot  be  acquired 
in  i>eace  and  in  the  quiet  avocations  of  ordinary  life,  much  can  be  effected 
by  placing  in  the  hands  of  the  young  men  the  arms  they  may  have  to  use 
in  war,  and  encouraging  that  military-  spirit  which  alone  can  make  ma- 
terial for  soldiers.  The  distribution  of  arms  to  the  militia  is  a  \ital 
element  in  this  regard,  and  the  want  of  a  large  standing  army  must 
be  compensated  by  a  well-organized,  well-armed,  and  well-disciplined 
militia. 

In  the  second  place,  thei^e  shoiUd  be  an  annual  appropriation  of 
$4,000,000  for  the  expenses  of  an  annual  encami)ment — ^the  payment  to 
each  militiaman  a  per  diem  for  each  day's  service  while  actually  in 
camp,  &c.  In  this  manner  the  benefits  to  be  derived  from  this  appro- 
priation would  be  strictly  confined  to  those  States  and  to  those  individ- 
uals complying  with  the  requirements  of  the  general  government. 

The  laws  upon  our  statute-books  need  a  thorough  revision,  after  a 
calm  and  most  careful  consideration  of  all  the  various  elements  that 
enter  as  factors.  The  supervision  and  control  to  be  exercised  by  the 
general  government  must  be  fiiUy  and  definitely  set  forth,  as  definitely 
and  concisely  for  a  time  of  peace  as  for  a  time  of  war,  and  this  degree 
of  supervision  once  determined  should  be  fixed  by  such  enactments  as 
will  secure  the  most  beneficial  results  to  the  United  States,  the  States, 
and  the  militiamen.  All  are  interested  in  this,  in  different  degrees,  per-, 
haps,  but  none  more  so  than  the  citizen,  who  may,  at  a  moment's  notice, 
be  called  upon  to  assume  the  functions  of  a  soldier.  I  may  be  pardoned 
for  suggesting,  in  a  few  general  remarks,  what  I  consider  primarily  nec- 
essary legislation. 

1st.  A  permanent  annual  api>ropriation  of  one  million  dollars  for 
arming  and  equippmg  the  militia,  organized  as  pix)posed. 

2d.  A  i)eimauent  annual  appropriation  of  four  million  dollars  for  a 
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per  diem  of  one  dollar  per  man  per  day,  for  every  day  he  is  present  and 
on  duty  at  the  encampment.  The  encampment  to  continue  twenty  days 
in  each  year. 

3d.  The  militia  should  be  armed  and  provided  with  the  same  muni- 
tions of  war  as  is  the  Regular  Army,  so  far  as  the  stores  furnished  by 
the  United  States  are  concerned.  The  necessity  of  this  is  obvious  to  all, 
but  to  none  more  so  than  to  the  veterans  of  the  late  war  on  both  sides. 
It  should  be  understood  by  the  States  and  the  militiamen  that  the  arms 
and  equipments  furnished  to  them  do  not  cease  to  be  the  property  of 
the  United  States,  and  they  should  be  properly  accounted  for  to  the 
Chief  of  Ordnance  U.  S.  Army  in  a  manner  similar  to  that  in  vogue  in  the 
Regular  Army;  and,  being  the  property  of  the  United  States,  the  gen- 
eral government  should  make  the  necessary  repairs,  and  should  with- 
draw them  when  worn  out  or  obsolete,  supplying  those  of  later  patterns, 
thus  keeping  the  armament  in  a  continual  state  of  efficiency. 

4th.  There  should  be  a  well-devised  system  of  inspection  instituted 
and  administered  by  the  War  Department,  without  which  the  efficiency 
of  the  militia  establishment  can  never  be  known  nor  ever  be  improved. 
To  do  this  the  most  competent  men  should  be  selected  as  inspectors, 
clothed  with  high  rank,  certainly  not  less  than  that  of  colonel,  and  in- 
vested with  tlie  powers  that  now  api)ertain  to  inspectors  in  the  Regular 
Army.    They  should  be  sufficient  in  numbers  to  make  an  annual  inspec- 
tion of  the  militia  of  each  State  and  Territory,  reporting,  in  detail,  the 
result  to  the  Secretary  of  War,  and  a  copy  thereof  to  the  governor  of 
the  State  or  Territory  interested.    Some  of  these  inspectors  should  be 
taken  from  the  Regular  Armj',  but  the  majority  from  the  competent 
officers  of  the  late  war  who  served  on  either  side,  and  this  corps  of  in- 
spectors might  well  be  clothed  with  power,  under  the  Secretary.of  War, 
to  make  such  general  regulations  as  are  necessary  to  an  uniform  dress, 
drill,  and  discipline  throughout  the  whole  body  of  our  citizen  soldiery. 
5th.  Each  State  should  be  obliged  to  maintain  one  or  more  suitable 
rifle-ranges,  and  perhaps  to  offer  suitable  prizes  to  incite  a  proper  emula- 
tion in  target  practice,  and  there  should  be  an  officer  of  high  rank  in 
the  militia  of  each  State  or  Territory  who  should  be  in  charge  of  such 
practice. 

6th.  When  the  exigencies  of  the  regular  service  will  permit,  officers  of 
the  Regular  Army  should  be  allowed  to  accept  commissions  in  the  militia, 
without  detriment  to  their  regular  commissions,  upon  the  application  of 
the  governors,  and  for  such  times  as  may  be  determined  upon. 

7th.  One  of  the  most  valuable  means  of  increasing  the  efficiency  of  the 
militia  is  by  the  dissemination  of  knowledge  through  a  military  edaca- 
tion  of  the  jouth  of  the  country.  To  a  <3ertain  extent  this  has  been  x>ro- 
vided  for  by  United  States  laws }  but  the  laws,  as  they  stand,  can  be 
improved,  and  a  system  which  is  undoubtedly  good,  so  far  as  it  goes,  be 
made  one  tliat  in  a  few  years  will  furnish  a  large  number  of  well-edu- 
cated soldiers,  capable  of  entering  upon  commands  and  successfully 
administering  them. 
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Section  1225  Re\ised  Statutes,  as  amended  by  act  of  July  5, 1876, 
authorizes  the  issue  of  arms,  artillery,  &c.,  to  colleges  where  an  oflScer 
of  the  Regular  Army  has  been  detailed,  the  number  not  to  exceed  thirty, 
&c.  This  law  calls  for  material  modifications.  There  should  be  more 
permanency  in  the  detail  and  in  the  institution  that  is  to  receive  these 
benefits.  A  college  that  is  to  be  provided  with  an  officer  and  arms 
should  be  specially  designated  by  the  legislature  of  the  State  interested j  and 
service  at  a  college  ought  not  to  be  optional,  but  be  considered  a  mili- 
tarj'  duty  to  which  all  officers  are  liable.  Governmental  supervision 
and  inspection  of  these  colleges  as  regards  military  training,  discipline, 
and  study,  should  be  a  condition  attached  to  the  acceptance  of  the  lib- 
erality of  the  general  government.  The  providing  of  officers  and  anus 
makes  these  colleges,  in  a  sense,  a  poii:ion,  and  a  very  important  por- 
tion, of  the  military  estiiblishment,  because  of  the  direct  influence  they 
must  exercise  over  the  efficiency  of  the  militia,  supplying,  as  they  will 
from  year  to  year,  a  number  of  comi)etent  instructors  in  all  that  is  neces- 
sary to  make  men  good  soldiers. 

By  liberal  appropriations  and  some  such  provisions  of  law,  strictly 
enjoined  and  enforced,  an  active  militia  of  200,000  men  could  be  kept  in 
hand  as  a  reserve  force  ready  for  any  emergency,  either  domestic  or  for- 
eign. While  taking  them  from  their  daily  avocations  for  a  very  limited 
period  during  their  annual  encampment,  the  daily  allowance,  though 
small,  would  partially  compensate  tliem  for  loss  and  time.  It  would  give 
us  a  large  force,  supplementing  our  small  Regular  Army,  always  at  call, 
and  i^pi^esenting  every  portion  of  the  country  and  every  characteristic 
of  our  varied  nationality.  It  would  instil  a  military  spirit  throughout 
the  country  and  keep  alive  the  traditions  of  the  past. 

National  Reserve. — The  proper  organization  for  an  armed  force  in  time 
of  peace  is  its  organization  for  war.  A  simple  expansion  can  be  readily 
made  on  the  eve  of  a  conflict,  but  a  novel  organization  at  sucli  an  epoch 
is  fraught  with  disaster.  Our  experience  as  a  nation  clearl}'  shows  that, 
not  on  the  militia  but  on  oui*  volunteers  has  the  country  depended  in 
years  of  trial.  Would  it  not  bo  wise  in  any  legislation  for  the  establish- 
ment of  this  force  to  which  reference  is  made,  to  break  loose  from  the 
theories  of  the  i)ast,  and  empower  the  President  in  time  of  peace  to 
organize  a  3?^a/{o;w7i?€«erre,  under  the  constitutional  i)ower  ^'to  raise  and 
support  armies j^^  on  the  plan  indicated  above  ?  Should  not  State  rights 
and  prejudices  yield  to  the  necessities  that  our  wars  have  proved  to  be 
imperative?  It  would  be  only  extending  into  a  national  condition  what 
is  successfully  practised  in  some  of  the  States,  where  uniformed  volun- 
teer organizations  take  the  place  of  the  ordinary  militia.  While  admit- 
ting that  the  subject  is  environed  hy  conflicting  ^iews  of  constitutional 
questions,  and  by  the  powerful  influences  of  sectional  and  individual 
prejudices,  I  am  satisfied  that  the  laws  could  be  so  framed  as  to  guard 
all  individual  and  State  rights  from  Executive  encroachments.  The 
force  could  by  law  be  localizeil  in  i)roportion  to  population,  camped  out 
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for  a  limited  period  annually  in  their  respective  localities,  and  be  paid 
out  of  the  public  treasury.  In  the  interest  of  the  imblic  good  and  the 
public  safety,  the  subject  deserves  the  careful  consideration  of  Congress. 
The  act  approved  March  3,  1875,  provides  that,  under  certain  condi- 
tions, credits  are  to  be  given  to  the  several  States  and  Territories  for  the 
sums  charged  to  them  respectively^  for  arms,  &c.,  which  were  issued  to 
them  l^etween  January  1,  18G1,  and  April  9,  1865,  and  charged  against 
their  quotas  under  the  law  for  arming  and  equipping  the  militia.  It  is 
made  the  duty  of  the  Secretary  of  War  to  refuse  a  credit  ^'if  he  shall 
find  that  any  of  said  aims  or  ordnance  stores  have  been  sold,"  &c.  At 
the  close  of  the  war  some  of  the  States,  through  inadvertence,  or  a  wrong 
interpretation  of  the  laws  relating  thereto,  sold  portions  of  the  arms,  &c., 
in  their  possession,  realizing  but  a  portion  of  the  values  charged  against 
them  on  the  books  of  this  oflBce.  The  arms  ought  not,  in  my  opinion,  te 
have  been  charged  to  the  States  on  their  quotas,  but  should  have  been 
accounted  for  as  issues  to  the  Army,  and  the  loss  ot  values  should  have 
fallen  on  the  United  States.  In  my  opinion  these  charges  against  indi- 
vidual States  ought  to  be-  removed,  and  that  the  spirit  of  the  law  of 
187.J  be  extended,  so  as  to  pennit  credits  to  be  given  States  for  the 
difference  between  the  prices  charged  and  the  piices  realized  from  sale. 
1  respectfully  recommend  a  modification  of  the  act  of  March  3,  1875,  in 
this  regard. 

SMALL-ARMS. 

During  the  last  fiscal  year  there  were  manufactured  at  the  National  Ar- 
mory 20,005  Springfield  rifles,  and  under  the  law  authorizing  it,  1,000  of 
the  experimental  Hotchkiss  magazine  rifles.    The  former  have  been  pro- 
duced at  a  much  Jess  cost  than  heretofore,  owing  to  the  increased  num- 
ber manufactured  and  the  improvement  of  the  x)lant  employed,  and  as 
there  is  now  available  a  larger  appropriation  than  usual  for  the  present 
year,  it  is  confidently  expected  that  the  cost  will  yet  be  further  reduced 
ill  the  future.    We  had  in  store  on  July  1,  1879,  only  22,073  rifles  and 
5,400  carbines  at  the  armory  and  arsenals,  a  wretehedly  small  number 
considering  the  wants  of  the  present  and  the  calls  that  may  bo  made  in 
the  future. 

The  Hotchkiss  arms  are  now  in  the  hands  of  the  liegular  Army  for 
trial  in  actual  service,  and  upon  the  reports  to  be  ma<le  bi-monthly  will 
depend  any  recommendations  for  the  supply  to  be  hereafter  manufactm^ed. 
But  whether  this  magazine  gun  is  to  be  the  arm  of  the  future  or  not,  it 
is  not  safe  to  delay  providing  an  ample  supply  of  the  Springfield  riflesj 
and  for  that  purpose  I  have  asked  for  the  next  fiscal  year  an  appropria- 
tion of  8900,000,  which  amount  should  be  given  in  the  interests  of  econ- 
my  and  for  the  national  defense.  Last  year  in  my  annual  report  I  had 
the  honor  to  remai'k  upon  this  matter  as  follows,  viz : 

The  necessity  for  an  accnniulation  of  arms  of  tlie  latest  pattern  has  heeu  so  often 
discussed;  has  received  such  practical  application  on  the  part  of  other  countries,  that  a 
further  reference  to  it  in  this  rei)ort  would  be  a  work  of  supererogation.    The  moral 
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efifect  of  a  large  supply  of  arms  in  readiness  for  use  is  always  entirely  disregarded  in 
the  discussion  of  the  subject.    To  be  prepared  for  immediate  hostilities  is  a  quiet  power, 
which  must  enter  largely  as  an  iuii»ortant  factor  in  the  determination  of  international 
questions  that  may  or  may  not  lead  to  war,  and,  as  such  power,  it  is  worth  all  the  money 
expended  in  its  production.    The  argument  so  frequently  used,  that  the  gun  of  to-dajr 
will  probably  be  superseded  by  a  superior  invention  a  few  years  hence,  and  the  exjienae 
of  to-day  be  money  thrown  away,  might  be  used  with  equal  force  and  pertinence  re- 
specting any  article  of  manufacture  whatever.     But  the  present  approved  arm  cannot 
be  rendered  worthless  by  the  introduction  of  an  improved  weapon,  because  as  long  as 
small-arms  are  fired  from  the  shoulder  an<l  the  propelling  force  is  gunpowder,  the  cali- 
ber of  gun  and  dimensions  of  cartridge,  now  regulation,  will  not  be  changed,  and  tho 
improvement  will  only  consist  in  more  rapid  manipulation  and  inci'eased  rapidity  of  tire. 
As  a  case  exactly  in  point,  the  Board  on  Magazine  Guns  has  reconmiended  a  gun  for  trial 
in  the  hands  of  troops  that  is  an  iniprovenient  on  the  present  Springfield  arm  only  im. 
its  ability  to  empty  its  magazine  of  cartridges  in  one-half  the  time  that  the  same  ntun— 
ber  of  shots  could  be  fired  by  the  latter.     Used  as  an  ordinary  breech  loader,  its  ad- 
vantages, if  any,  are  not  material  or  worth  consideration,  and  yet  its  use  as  a  single 
breech-loader  will  be  its  normal  condition,  the  increased  rapidity  of  the  magazine- 
feeding  being  reserved  for  great  emergencies.     8uch  a  gun,  if  approved  and  adopted^ 
in  a  few  years,  will  not  render  the  Springfields  that  may  be  on  hand  worthless.     K 
therefore  hope  that  Congress  may  be  liberal  in  its  appropriation. 

And,  in  1877, 1  said: 

Believing  that  such  a  countrj*  as  this,  with  itsgreat  natural  resources,  abundant  wealth 
an  exposed  frontier  of  many  thousands  of  miles,  with  a  shore-line  of  as  many  thou- 
sand more,  should,  as  a  measure  of  orrliuary  safety,  have  always  in  store  not  less  than 
half  a  million  of  the  best  and  most  efficient  arms,  the  manufacture  of  one-tenth  that; 
number  during  the  next  year  seems  so  necessary  as  to  call  for  no  argument.  It  may 
be  true  that  our  policy  is  peace.  If  so  now,  it  has  been  so  for  a  century,  and  yet  during 
that  short  period  in  the  existence  of  the  nation  we  have  had  not  only  countless  wars 
with  the  Indian  tribes,  but  wars  with  the  nations  contiguous  to  our  boundary  north  and 
south,  and  the  great  war  of  the  rebellion.  Is  it  to  be  expected  that  a  continuance  of 
such  a  peace  policy  will,  in  the  present  century  of  the  country's  life,  be  more  successful 
in  keeping  us  free  from  a  fair  proportion  of  confiicts  in  which  peace  can  only  V»e  main- 
tained at  the  sacrifice  of  men  and  means  ?  The  experience  of  the  most  enlightened 
nations  in  the  past,  the  gigantic  struggle  now  being  waged  on  the  continent,  that  may 
ere  its  close  involve  other  powers  and  subject  all  Europe  to  the  horrors  of  war,  prove 
how  far  we  are  yet  from  a  realization  of  a  peace  that  will  last  longer  than  time  enough 
to  prepare  for  a  new  conflict.  If  old-established  communities,  with  the  cumulative 
wisdom  and  experience  of  centuries  to  guide  them,  seem  to  exist  only  under  the  pro- 
tection of  armies,  is  it  to  be  expected — with  a  record  of  our  wars  during  the  past  cen- 
tury before  us — that  the  United  States,  almost  the  youngest  in  the  family  of  nations, 
can  enjoy  a  future  diflferent  from  theirs  ?  To  be  prepared  for  war  is  one  of  the  most 
effective  means  of  preserving  peace.  Such  preparations,  to  be  efficient  and  complete, 
must,  however,  be  made  at  leisure,  with  all  the  skill,  experience,  and  means  of  which  we 
are  capable.  In  making  them,  time  is  an  element  not  to  be  ignored  or  despised.  The 
progress  in  invention  and  of  the  mechanic  arts  must  be  couvsulted  and  kept  in  view  in 
tlie  work  of  preparation,  because  the  approved  articles  of  the  past  may  have  become 
the  mere  stepping-stone  to  the  perfected  improvement  of  the  present.  AVhat  fifteen 
years  ago  was  deemed  a  perfect  musket  is  now  classed  as  obsolete  Avith  hartlly  a  mark- 
etable value,  and  that  marvel  of  mechanism  of  to-day,  the  breech-loading  rifle,  must 
soon  make  room  for  a  still  greater  marvel  in  simplicity  and  etfectiveness.  In  our  pre- 
parations, we  must  keep  abreast  of  the  progress  of  the  age.  Get  tlie  best  of  to-day, 
with  the  certainty  that  it  must  yield  to  the  best  of  to-morrow.  And  it  is  this  un- 
ceasing, ever -changing,  still  improving  march  that  enforces  constant  and  unremit- 
ting study,  and  labor,  and  change,  and  improvement  on  the  part  of  governments  the 
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world  over,  that  they  may  ho  thoroughly  prepared  in  the  day  of  trial,  not  with  the 
obsolete  appliances  of  a  pajit  age,  but  with  the  perfected  niechauism  of  the  present. 
This  constant  change  of  model  and  pattern  involves  all  coiuitries  in  great  expense  in 
feet,  in  never-ending  drafts  on  their  exchequer.  But  unless  a  grand  council  of  the 
nations  should  decide  and  fix  on  the  kind,  character,  and  quality  of  the  weapons  that 
are  to  be  used  in  war,  there  is  but  one  unerring,  unfailing  guide  to  the  character  of 
an  armament,  and  that  is  that  it  shall  be  equal,  and  if  possible  superior,  to  that  of 
all  others.  This  entails  the  constant  expenditure  of  large  sums;  but  such  expendi- 
tnres  are  more  than  repaid  by  the  first  victory  that  prevents  the  capture  of  a  capital 
or  the  desolation  of  a  district.  At  any  rate,  there  is  no  way  known  to  the  world  to 
avoid  such  a  course  of  procedure,  and  the  necessities  of  modern  warfare  demaud  a 
thoroughness  and  completeness  in  the  preparations  that  no  country  can  neglect. 

It  is  in  this  view  that  a  large  appropriation  for  the  manufacture  of  arms  at  the  Na- 
tional Annory  is  deemed  imperative.  The  rifle  issued  to  the  Anny  and  the  militia  com- 
pares favorably  with  the  best  breech-loader  either  here  or  abroswl.  It  is  an  arm  that 
may  not  be  superseded  for  many  years  to  come,  and  if  it  be  obliged  to  yield  to  one  of 
superior  merit,  the  effect  will  not  be  to  render  it  obsolet^^,  but  to  make  it  secondary  to 
one  using  the  same  cartridge  but  having  greater  rapidity  of  lire,  so  that  the  present 
wngle  breech-loader  will  always  be  a  powerful  weapon,  even  when  compared  with 
the  possible  magazine-gun  of  the  future.  We  cannot  be  wrong  in  laying  up  a  reason- 
able supply  of  these,  therefore,  especially  as  the  magazine-gun  that  may  some  day  bo 
adoptetl  for  Army  service  may  require  years  of  invention  and  improvements  to  reach 
that  degree  of  simplicity  in  it«  mechanical  arrangements  necessary  to  render  it  suita- 
ble for  the  soldier. 

I  can  only  reiterate  these  views,  and  express  the  hope  that  the  wis- 
dom of  Congress  will  grant  what  we  so  urgently  require. 

TARGET  PRACTICE. 

I  have  made  an  estimate  for  the  smallest  amount  of  money  whicli,  in 
^yjiidgment,  will  be  needed  to  provide  amuumition  for  the  use  of  the 
service,  viz,  $200,000.  To  make  our  soldiers  good  marksmen,  an  ample 
supply  of  ammunition  must  be  i)rovided,  and  this  cannot  be  done  unless 
SQfficieut  money  is  annually  appropriated. 

The  amount  asked  for  will  provide  between  7,000,000  and  8,000,000 
cartridges,  and  if  all  shoiUd  be  expended  in  target  practice  it  would  not 
give  each  soldier  over  400  cai^tridges  for  the  year,  certainly  a  very  small 
number  when  the  importance  of  the  subject  is  considered.  But,  as  a 
matter  of  fact,  a  large  part  of  this  quantity  is  expended  for  other  pur- 
poses, in  battle,  scouting,  escort  duty,  drills,  and  occasions  of  ceremony, 
so  that  the  soldier  can  hardly  expect  to  fire  over  25  rounds  per  month. 
The  great  interest  which  has  sprung  up  within  the  last  four  years  in  the 
Army  in  regard  to  target  practice  has  not  been  fostered  to  the  extent  it 
should  have  been,  owing  to  the  lack  of  funds  to  procure  a  sufficient  sup- 
ply of  ammunition,  and  perhaps  a  well  digested  system  of  target  prac- 
tice and  the  necessary  appliances. 

By  the  distribution  to  the  service  of  a  text-book  on  rifle  firing,  pre- 
pared by  your  order  under  my  direction  by  Colonel  Laidley,  of  this 
department,  a  system  has  been  adopted  which,  though  undoubtedly 
8uscei>tible  of  improvement  in  future  will.  With  the  necessary  appropri- 
ations for  cartridges,  enable  the  soldier  to  perfect  himself  as  a  marks- 
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man,  and  to  develop  to  their  fullest  extent  the  many  excellent  qualities 
of  the  Springfield  rifle. 

TEST  OP  METALS. 

The  department  has  now  in  its  possession,  set  up  at  the  Watertowu 
Arsenal,  the  finest  machine  in  the  worid  for  testing  the  strength  of  metals 
and  other  materials,  and  I  have  asked  for  a  small  annual  appropriation 
to  enable  it  to  be  used.  This  machine  was  authorized  by  Congress  and 
constructed  under  the  immediate  super\asion  of  the  late  United  States 
board  to  test  iron,  steel,  &c.  Valuable  results  have  already  been  ob- 
tained from  its  limited  use,  under  circumstances  very  unfavorable,  and 
it  is  suggested  that  a  wise  policy  and  a  just  appreciation  of  the  advan- 
tages to  inure  to  the  various  industries  of  the  country  will  prompt  the 
Congress  to  grant  the  small  amount  of  money  necessaiy  to  develop  its 
capacities. 

The  work  already  accomplished  has  enlisted  tlie  aetive  sympathy  ot 
scientific  men  of  all  classes,  and  metal  manufacturers  and  users,  who 
have  not  limited  their  expressions  of  approval,  but  have  supplemented 
them  with  fimds  to  finish  work  which  was  commenced  but  could  not  be 
finished  owing  to  the  failure  of  Congress  to  appropriate  the  wished-for 
money. 

From  what  is  known  of  the  wants  of  oflBcers  having  charge  of  govern.- 
ment  constructions,  the  lack  of  definite  information  on  the  part  of  civil 
engineers,  architects,  and  mechanical  engineers  throughout  the  country, 
and  their  utter  inability  to  obtain  correct  data  on  which  to  base  their 
calculations,  for  the  need  of  which  large  sums  have  annually  to  be  ex- 
pended in  order  that  the  enx)rs  made  may  be  on  the  side  of  safety,  there 
is  no  puipose  for  which  an  appropriation  coidd  be  granted  which  would 
yield  so  large  and  immediate  a  return  in  the  way  of  money  absolutely 
saved  as  a  grant  for  working  this  machine  and  publishing  the  results 
obtained,  and  in  the  correctness  of  this  opinion  I  am  confident  that  I 
will  be  supported  by  the  whole  body  of  scientific  men  and  manufacturers 
of  metals  of  superior  quality  throughout  the  land. 

EQUIPMENT  BOARD. 

Upon  my  request  a  board  of  officers  from  the  line  of  the  Army  was 
constituted  by  the  Secretary  of  War  to  consider  the  subject  of  bayonets 
and  intrenching  tools.  This  board  was  in  session  nearly  four  months, 
and  the  result  of  its  labora  has  been  published  to  the  Army.  As  rap- 
idly as  possible  those  of  its  recommendations  which  have  been  approved 
by  the  Secretary,  and  which  relate  to  the  stores  provided  by  the  Ord- 
nance Department,  will  be  carried  out. 

INDIAN  RIFLES. 

As  much  has  been  said  in  official  reports  and  in  the  public  prints  re- 
specting the  quality  of  arms  used  by  our  Indian  tribes,  and  their  great 
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saperiority  to  the  arms  in  the  hands  of  our  troops,  in  accuracy  and  range, 
I  inclose  a  report  made  at  the  National  Armory,  on  a  number  of  Indian 
guns  sent  to  me  from  the  field.  I  am  willing  to  rest  the  reputation  of  the 
Springfield  rifle  and  carbine  on  the  facts  developed  in  the  trial,  and  re- 
corded in  this  report.  Not  even  such  an  admirable  weajwu  as  the  Spring- 
field rifle  can  be  expected  to  give  satisfaction  to  every  officer  and  soldier, 
but  it  is  my  firm  belief  that  it  comes  very  near  it. 

SPRINGFIELD  AND  PEABODY-MARTINI  RIFLES. 

In  this  connection  I  desire  to  invite  attention  to  the  inclosed  report  on 
certain  comi)arisons  instituted  between  the  Springfield  and  Peabody- 
Martini  rifles.  These  trials  were  made  to  show  whether  the  latter  was 
m  far  superior  to  the  former  as  was  intimated  by  letter- writers  duiing 
and  after  the  siege  of  Plevna  in  the  Russo-Turkish  war. 

That  the  ultimate  range  of  the  Peabody  should  be  greater  was  con- 
ceded on  the  simple  fact  that -the  charge  of  powder  used  was  15J  grains 
greater,  and  the  bullet  75.  grains  heavier,  than  the  charge  of  powder  and 
bullet  of  the  Springfield.  The  trial,  however,  showed  for  the  Springfield 
'^superior  accuracy,"  "  accompanied  with  more  power  than  is  required  to 
disable  a  man  at  ranges  at  which  it  is  practically  imi^ossible  for  a  marks- 
man to  hit  so  small  an  object."  ''At  ranges  of  1,000  yards  and  upward, 
the  trajectory  of  the  Peabody  is  slightl^^  flatter,  but  at  shorter  ranges — 
those  at  which  a  rifle  will  ordinarily  be  fired  in  service — the  trajectory 
of  the  Springfield  is  the  flatter,  owing  to  its  higher  velocity."  At  1,669 
yards — the  longest  range  in  the  proving  ground — the  Springfield  hit  the 
target — 8'  X  1-' — 3  times  out  of  10,  while  the  Peabody  was  fired  60  rounds 
to  hit  the  target  the  same  number  of  times.  The  Army  should  be  satis- 
fied with  such  a  record.  I  have  directed  experiments  to  be  made  with 
the  Springfield  rifle  up  to  2,500  yards,  and  anticipate  excellent  results. 

• 

MULTIBALL  CARTRIDGES. 

I  append  a  series  of  reports  on  the  multiball  cartridge  for  revolver. 
For  nse  in  the  rifle  and  carbine,  it  has  not  been  received  with  favor,  the 
reports  from  the  field  being  almost  unanimously  against  it. 

Its  efficiency  as  a  revolver  cartridge  will  depend  on  its  results  at  very 
short  i-anges — certainly  within  25  yards — and  on  the  extent  of  its  scat- 
tering. I  quote  from  a  report  of  Captain  Greer,  Ordnance  Department, 
a  most  capable  aiul  experienced  officer  and  experimenter,  made  June  7, 
last : 

Witli  rejjfanl  to  dispursiou  of  fire,  which  is  the  true  raison  d'etre  of  these  cartridges, 
au  inspection  of  the  tables  shows  that  at  short  ranges  there  is  none  at  all,  the  bullet 
holes  of  each  shot  nearly  coinciding.  At  longer  ranges — 75  to  100  yards — there  is  a 
considerable  dispersion  of  balls;  but  they  have  too  little  i>ower  to  do  much  execution. 

The  department  will  continue  its  endeavors  to  adapt  this  cartridge  to 
the  revolver,  and  it  may  be  that  some  simple  change  in  its  arrangement 
and  form  may  fulfill  the  conditions  necessary  to  make  it  a  success. 
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CLERICAL  FORCE. 

In  compliance  with  your  instructions,  I  have  omitted  in  my  an 
estimate  to  ask  for  additional  clerks,  but  I  may  be  pardoned  in  n 
senting  the  inadequacy  of  the  force  now  by  law  allowed  in  this  o 
For  the  fiscal  year  ending  June  30, 1876,  there  were  allowed,  besides 
chief  clerk,  three  clerks  of  class  four,  three  of  class  three,  three  of « 
two,  eight  of  class  one,  ane  messenger,  otie  laborer,  and  eight  enl 
men,  a  total  of  twenty  eight,  and  in  grades  and  number  these  wen 
more  than  sufficient  to  meet  the  wants  of  the  office.  Since  then  the 
rent  work  of  this  office  has  materially  increased  and  is  increasing  a 
ally,  while  the  clerical  force  has  been  decreased,  xls  a  consequt 
much  important  work  is  now,  and  has  been  for  several  years,  run 
behind  hand,  much  to  the  inconvenience  and  detriment  of  the  pi 
service,  and  not  unfrequently  to  the  hardship  of  individuals.  I 
that,  at  the  proper  time,  you  will  see  fit  to  ask  Congress  to  restore 
clerical  organization  to  its  former  grading. 

The  following  statement  wiU  give  some  idea  of  the  magnitude  oi 
work  of  this  office  during  the  past  year : 

Number  of  cash  aud  proi>erty  returns  of  all  kinds  examined 

Number  i*emaining  unexamined  on  account  of  insufficient  clerical  force 

Letters  and  other  papers  received,  briefed,  and  entered  upon  the  reconls  of  the 

office 1 

Letters,  orders,  and  indorsements  written  and  sent  out S 

Number  of  blanks,  public  dociunents,  «fec. ,  prepared  and  distributed 2 

I  have  the  honor  to  submit  the  following  i>apers,  hei^tofore  referre 

Appendix  A. — Statement  of  principal  articles  procured  by  pinrc 
and  fabrication  at  the  arsenals  during  the  year  ended  June  30,  187! 

Appendix  B. — Statement  of  ordnance,  ordnance-stores,  &c.,  issu< 
the  military  establishment,  exclusive  of  the  militia,  during  the  year  e 
June  30,  1879. 

Appendix  C. — Apportionment  for  the  fiscal  year  ended  June  30,  : 
of  the  annual  appropriation  of  $200,000  for  arming  and  equipping 
militia,  under  sections  1661  and  1667  Kevised  Statutes. 

Appendix  D\ — Statement  of  ordnance,  ordnance-stores,  &c.,distrib 
to  the  militia  from  July  1,  1878,  to  June  30,  1879,  under  section 
Eevised  Statutes. 

Appendix  E. — Statement  of  ordnance,  ordnance-stores,  &c.,  distril 
to  colleges  from  July  1,  1878,  to  June  30,  1879,  under  section  1225 
vised  Statutes. 

Appendix  F, — Statement  of  ordnance-stores,  &c.,  distributed  tc 
Territories  and  States  bordering  thereon,  irom  July  1,  1878,  to  Jun 
1879,  imder  the  joint  resolutions  of  July  3, 1876;  March  3,  1877;  M 
9  and  June  7,  1878. 

Appendix  G. — Statement  of  ordnance  and  ordnance-stores,  &c.,  is 
to  the  executive  departments  under  the  provisions  of  the  act  of  IVJ 
3, 1879. 
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REPORTS  OF  THE  CONSTRUCTOR  OF  ORDNANCE. 

Li^ut  Col.  S.  Crispin,  Ordnance  Department. 

Appendijo  H. — Construction  of  the  11-inch  M.  L.  rifle,  converted  from 
a  Ij-inch  S.  B.  Eodman  gun. 

F^— Construction  of  a  3-inch  B.  L.  rifle. 

F'.— Construction  of  a  3.16-inch  M.  L.  rifle,  chambered. 

5'.— Construction  of  a  3.16-inch  M.  L.  rifle,  rapid  twist. 

5*.— Gas  checks  for  B.  L.  rifles. 
j^    5'.— Alteration  in  12-inch  rifle-carriage. 

F^— Proposed  chambered  rifle,  4.50-inch  caliber. 

If'.— Report  on  experimental  cannon -powders,  Capt.  C.  S.  Smith,  Ord- 
jv,f  nance  Department. 

REPORTS  OF  THE  ORDNANCE  BOARD. 

lAmt.  Col.  8.  Crispin  and  Lieut  Col.  T.  O.  Baylor,  Ordnance  Department^ 

Capt.  F.  H.  PhippSj  recorder. 

Appendijc  I. — Gunpowders. 
L  J      I^— Progress  report  on  powders  for  4.50-inch  rifle. 

i*.— Progress  report  on  powdei^  for  8-inch  rifle, 
^f      il— I*rogi'ess  report  on  3.50-inch  Deane  bronze  gun. 
/*.— Hotch^ias  revolving  cannon,  caliber  1.5-inch. 
i^— Flank  defense  carriage  for  Hotchkiss  revolving  cannon. 
P.— Relative  destructive  effects  of  different  Hotchkiss  projectiles. 
i^l       i'.— Report  on  Hotchkiss  revolving  cannon  (light  field  model),  cal. 
1.50-inch. 
P.— Progress  report  on  3-inch  B.  L.  rifle, 
i^— Progress  report  on  3.17-inch  M.  L.  rifle,  chambered, 
i'".— Progress  report  on  8-inch  B.  L.  rifle. 
/".—Progress  report  on  11-inch  M.  L.  rifle,  converted^from  a  15-iiich 

8.  B.  Eodman  gun. 
/".—Reports  on  a  Gatling  gun,  caliber  .45-inch,  English  model,  hav- 
ing a  new  pointing  apparatus. 
P\—  ReiK)rt  on  multiball  cartridges  for  Gatling  gun. 

MISCELLANEOUS. 

Appendix  K. — Annual  report  of  the  principal  operations  Jit  the  Rock 
Island  Arsenal,  1879,  Maj.  D.  W.  Flagler,  Ordnance  Department,  com- 
manding. 

Appendix  L. — Progress  report  upon  the  artesian^well  at  the  Benicia 
Arsenal,  1879,  Lieut.  Col.  J.  McAllister,  Ordnance  Department,  com- 
manding. 

Appendix  M. — Measurement  of  powder  pressures^in  cannon  by  com- 
pression of  oil.  Dr.  W.  E.  Woodbridge. 
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Appendix  N. — Trajectories  of  army  revolvers,  Capt.  J.  E.  Greer,  Ore 
nance  Department. 

Appefidix  0. — ^Trajectories  of  the  Springfield  and  Peabody-Martii 
rifles,  Capt.  J.  E.  Greer,  Ordnance  Department. 

Appendix  P. — Experiments  with  small  arms — space  between  bullet  an 
I)Owder,  Capt.  J.  E.  Greer,  Ordnance  Department. 

Appendix  Q. — ^Action  of  sea-water  on  brass  cartridges,  Capt.  J.  I 
Greer,  Ordnance  Department. 

Appendix  R. — Eeport  on  the  manufacture  of  certain  life-saving  gim; 
Lieut.  C.  W.  Whipple,  Ordnance  Department. 

Appendix  8. — Description  of  the  Lyle-Emery  grapple-shot,  Lieut.  E 
A.  Lyle,  Ordnance  Department. 

Appendix  T. — Description  of  the  Laidley  cavalry  forge.  Col.  T.  T.  £ 
Laidley,  Ordnance  Department. 

Appendix  U. — Swollen  barrels  in  service  rifles,  Capt.  J.  E.  Greer,  Ore 
nance  Department. 

Appendix  V. — ^Reports  on  Indian  arms.    Capt.  J.  E.  Greer  and  Lieuti 
J).  A.  Lyle  and  E.  Bimie,  jr.,  Ordnance  Department,  and  Master  Mi 
chinist  S.  W.  Porter,  National  Armory. 

Appendix  W. — Eei)orts  on  multiball  cartridges  for  small  arms.  Moj.  i 
M.  Whittemore,  Capts.  E.  M.  Wright  and  J.  E.  Greer,  and  Lieuts.  E.  Bij 
nie,  jr.,  and  C.  C.  Morrison,  Ordnance  Department. 

Appendix  X. — Eeport  on  range-finders,  Capt  F.  H.  Phipps,  Ordnanc 
Department. 

Appendix  T. — Showing  stations  and  duties  of  the  officers  of  the  Or( 
nance  Department  on  the  1st  of  October,  1879. 

I  have  the  honor  to  be,  very  respectfully,  your  obedient  servan 

S.  V.  BEK^T, 
Brigadier- General  J  Chief  of  Ordnance. 


APPENDIX  A. 

Statment  of  principal  articles  procured  by  fabrication  at  the  arsenals  a/nd 
by  purchase  during  the  year  ended  June  30, 1879. 

Class  I. 

1  Gratling  gun,  caliber  1  inch,  10  barrels,  long. 
14  G^tling  guns,  caliber  .45,  10  barrels,  long. 
10  HotcliMss  mountain  guns,  caliber  1.65  inch. 

4  Hotcbkiss  revolving  guns,  caliber  1.5  inch. 
10  Lowell  battery  guns,  caliber  .45. 
24  coiled  wrougbt-iron  tubes  for  8-incb  converted  rifles. 

Class  n. 

1  carriage  and  limber  for  GatUng  gun,  caliber  1  inch. 
33  carriages  and  limbers  for  Gatlmg  guns,  caliber  .45. 

3  carriages  and  limbers  fqf  Hotchkiss  revolving  guns,  caliber 

1.5  inch. 
10  carriages  for  Hotchkiss  mountain  guns,  caliber  1.65  inches. 

53  carriages  and  chassis  for  8-inch  converted  guns,  fitted  with 

recoil  checks. 
200  gun  carriages  for  life-saving  service. 
1  carriage  and  limber  for  caliber  .45  Lowell  battery  gun. 

4  carts  for  caliber  .45  Gatling  guns. 
10  cavalry  forges,  Laidley's. 

Class  III. 

125  buckets,  various. 

30  feed  cases  for  caliber  1-inch  Gatling  gun. 
1, 000  feed  cases  for  caliber  .45  Gatling  guns. 
500  feed  tubes  for  Lowell  battery  gun. 

32  gun  covers,  various. 

42  handspikes,  various. 
200  gunner's  levels  for  life-saving  service. 
386  manoBuvering  bars,  various. 

38  sets  artillery  harness. 
200  lanyards  for  life-saving  service. 
400  powder  measures. 
400  priming  wires. 
427  quoins,  various. 

7  pack-saddles  for  Hotchkiss  mountain  carriages. 
212  sponge  covers,  various. 
281  sponges  and  rammers,  various. 

54  tompions,  various. 
75  vent-pieces. 

Classes  IV  and  V. 

60  3-inch  Butler  shot. 

50  12-pounder  shot,  strapped  and  fixed. 
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819  8-incb  Butler  shot 
20  S-incb  Eureka  shot. 
20  8-ineh  Dana  shot. 
60  lOinch  Butler  shot. 
10  11-iiich  Butler  shot. 
25  12.25-inch  Butler  shot. 

820  3-inch  shells. 

9  3-inch  Eureka  shells. 
10  8.mch  Butler  shells. 
10  llinch  Butler  sheUs. 
44  4.5-inch  case  shot,  exi>eri mental. 
4  4.5-inch  canister,  experiuiental. 
1, 000  ball  cartridges  for  1-inch  Gatling  gun. 
1, 000  canisters  for  1-inch  Gatling  gun. 
2, 000  1.5-inch  Hotchkiss  shells. 
6, 500  1.65-incb  Hotchkiss  shells. 

Class  VI. 

500  Hotchkiss  magazine  carbines,  caliber  .45. 
500  Hotchkiss  magazine  rifles,  caliber  .45. 
1  Hotchkiss  magazine  Navy  rifle,  caliber  .45. 
20, 006  Springfield  rifles,  caliber  .45. 

101  Springfield  ofticers'  rifles,  caliber  .45. 
3, 000  Colt's  revolvers,  Ci\liber  .45. 
280  Smith  &  Wesson  revolvers,  caliber  .43. 
200  staff  and  foot  officers'  swoixls. 

Class  VU. 

5. 020  curry  combs. 

2. 021  saddle  blankets. 
11, 397  meat  cans. 

13, 650  tin  cups. 

7, 124  sets  knives,  forks,  and  spoons. 
47, 246  appendages  for  small  arms. 

Class  VIII. 

53, 129  cartridge  bags,  filled. 
1, 556, 130  carbine  ball  cartridges,  caliber  .45. 
1, 502, 179  rifle  ball  carti'idges,  caliber  .50. 
1, 247, 287  rifle  ball  cartridges,  caliber  .45. 
310  rifle  blank  cartridges,  caliber  .45. 
50, 000  rifle  blank  cartridges,  caliber  .58. 
1, 074, 070  revolver  ball  cartridges,  caliber  .45. 

219, 600  revolver  blank  cartridges,  caliber  .45. 
1, 697,  750  lead  balls,  caliber  .45. 
91, 000  pounds  hexagonal  powder. 
2, 400  pounds  cannon  powder. 
2,  (KK)  pounds  mortar  i)owder. 
52, 512  pounds  rifle  powder. 
3, 300  electric  cannon  primers. 
47, 300  friction  primers. 
1, 270, 250  cartridge  primers. 
183  fuses,  exi)erimental. 
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Class  IX. 

16  blocks,  various. 
14  chocks,  various. 

1  Land  cart. 

2  rollers,  long. 
25  shifting  i)lanks. 

1  sling  wagon,  Laidley's. 

5  platforms  for  mortars. 

5  i)latforms  for  siege  carriages. 

Class  X. 

1, 425  sabots,  various. 
600  tin  straps,  various. 
105, 212  spare  parts  for  small  armi^. 
132, 394  parts  of  infantry  equipments. 

3, 440  parts  of  cavalry  accouterments. 
101, 646  parts  of  horse  equipments. 

535  parts  of  artillery  carriages,  various. 
53,  768  cartridge  bags,  empty,  various. 
30, 500  cartridge  shells,  caliber  .45. 

Miscellaneous. 

945  arm  chests. 
2, 845  boxes,  packing,  wood. 

344  boxes,  packing,  tin. 
4, 447  bolts  and  nuts,  various. 
38y  993  pounds  barrel  molds. 
962  tin  cans. 

1  400-ton  testing  machine. 

1  metal  testing  machine. 

1  cartridge  breaking  machine. 

1  cartridge  loading  machine. 

2  cartridge  stamping  machines. 
1  cartridge  weighing  machine. 
4  primer  drilling  machines. 

3  primer  sawing  machines. 

1  cartridge  gauging  machine. 
1  horizontal  boring  machine. 
1  power  planer. 

1  pressure  dynamometer.  * 

2  lathes. 

1  star  gauge,  ring  and  points. 

3  ring  gauges. 

238  boxes  leather  blacking. 
7, 002  pounds  harness  oil. 
41  gallons  lacquer. 

150  cast-iron  heating  stoves  for  Quartermaster's  Department. 
10  tool-chests,  various. 
2, 342  pounds  black  wax. 
20, 404  pounds  white  lead. 
5, 064  pounds  paint. 
2,  795  sides  leather. 
42, 003  pounds  leather. 
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19y  982  ponnds  rope,  twine,  and  thread. 
814, 928  ponnds  iron  beams. 
80, 965  ponnds  sheet  copper. 
3, 493  tons  coaL 
201  sets  reloading  tools. 
J^IO,  888  tools  and  ntensils. 


APPENDIX  B. 

Statement  of  ordnance^  ordnance  stores^  &c,j  issued  to  the  military  estabUih'. 
ment  {except  the  militia)  during  the  fiscal  yeanr  ended  June  30,  1879. 

Class  I. 

5  Gatling  guns,  caliber  .45, 10  barrels,  long. 

3  Gatling  guns,  caliber  .45, 10  barrels,  short. 

4  Gatling  guns,  caliber  .45,  5  barrels,  short. 
1  Gatling  gun,  caliber  .50. 

1  Gatling  gun,  caliber  1  inch. 

2  Hotchkiss  revolving  guns,  caliber  1.5  inches. 

3  Hotchkiss  revolving  guns,  caliber  1.65  inches. 

6  3-inch  rifled  guns. 
9  4J-inch  rifled  guns. 

1  6-pounder  bronze  gun. 

5  12-pounder  bronze  guns. 

5  12-pounder  mountain  howitzers. 
20  8-inch  rifled  guns. 

2  8-inch  siege  howitzers. 

2  24-pounder  Coehom  mortars. 

6  8-inch  siege  mortars. 
6  10-inch  siege  mortars. 

1 13-inch  sea-coast  mortar. 

Class  II. 

3  beds  and  frames  for  short-barrel  Gatling  gun. 
2  frames  for  short-barrel  Gatling  gun. 

2  tripods  for  short-barrel  Gatling  gun. 

4  Gatling  gun  carts. 

2  Gatling  battery  carts. 

5  carriages  and  limbers  for  long-barrel  Gatling  gun,  caliber  M. 
1  carriage  and  limber  for  Gatling  gun,  caliber  .50. 

1  carriage  and  limber  for  Gatling  gun,  caliber  1  inch. 

2  1.5-inch  Hotchkiss  gun  carriages  and  limbers,  steel. 

3  1.65-inch  Hotchkiss  carriages  for  mountain  gun. 
12  3-inch  carriages  and  limbers. 

12  3-inch  caissons  and  limbers. 

11  4^-inch  siege  carriages  and  limbers. 

1  6-pounder  carriage  and  limber. 

4  12-pounder  carriages  and  limbers. 

6  12-pounder  caissons  and  limbers. 

2  12-iK)under  fleld-howitzer  carriages  and  limbers. 

3  12-pounder  mountain-howitzer  carriages. 
6  12-pounder  prairie  carriages  and  limt^rs. 
1 12-i)ounder  prairie  carriage  limber. 

2  30-pounder  Parrott  carriages  and  limbers. 
20  8-inch  rifle  carriages. 
2  8-inch  siege  howitzer  carriages  and  limbers. 
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3  24-ponnder  mortar  beds. 
6  8-mcli  siege  mortar  beds. 

3  10-incli  siege  mortar  beds. 

1 13-inch  sea-coast  mortar  bed. 
2  mortar  wagons  and  limbers. 

10  cavaky  forges,  Laidley's. 

1  portable  forge. 

2  traveling  forges. 

4  ammunition  chests  for  Gatling  tripod. 

3  ammunition  chests  for  mountain  howitzer. 

Class  III. 

2  accessories,  feed  cases,  loading  machines,  &c.,  for  Ij 

Hotchkiss  gun. 

11  baskets  for  mortar  implements. 
1  iron  forge  bucket. 

33  iron  sponge  buckets. 

4  wooden  sponge  buckets. 
24  iron  tiir  buckets. 

20  gutta-percha  water  buckets. 

19  i)apier-mach6  water  buckets. 
16  leather  water  buckets. 

3  di*ag-ropes. 

4  elevating  bars. 

20  friction  clamp  bars,  8-inch  carriage,  long. 
20  friction  clamp  bai's,  8-inch  carriage,  short. 

6  fiise  blocks. 
14  fuse  cuttera. 

1  fiise  extractor. 

18  fuse  mallets. 

2  fiise  plug  reamers. 

5  fuse  plug  wrenches. 
1  fiise  rasp. 

14  fuse  saws. 

12  fuse  setters. 

8  fiise  wrenches. 

3  gunner's  calipers. 

46  gunner's  gimlets,  field. 
14  gunner's  gimlets,  siege. 
1  gunner's  gimlet,  15-inch  gun. 
62  gunner's  haversacks. 

4  gunner's  levels. 

1  gunnei^'s  perpendicular. 
12  gunner's  pincers. 
12  gunner's  pouches. 

4  gunner's  quadi*ants,  brass. 

9  gunner's  quadrants,  wood. 

11  i)airs  gunner's  sleeves. 
145  handspikes. 

24  sets  cavalry  forge  harness  for  two  horses. 

12  sets  artillery  harness  for  two  lead  horses. 

19  sets  artillery  harness  for  two  wheel  horses. 
56  harness-bags. 

1  ladle  and  staff  for  4i-inch  gun. 

2  common  lanterns. 
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12  dark  lanterns. 
19  globe  lanterns. 

lOO  lanyards  for  friction  primers. 

2  loading  tongs. 

40  nianceuvering  bars. 
1  maul.   ' 
7  paek  saddles. 

7  pass  boxes. 

8  paulins  5  by  5  feet. 
17  paulins  6  by  10  feet. 
84  paulins  12  by  15  feet. 

11  pendulum  hausses,  3-inch  gun. 
4  pendulum  hausses,  12-pounder  gun. 
4  pendulum  hausse  pouches. 

3  pendulum  hausse  seat^. 
8  pinch  bars. 

13  plummets  and  cords. 

1  pointing  cord. 

6  pointing  stakes. 
6  powder  funnels. 
8  ix)wder  measures. 
58  priming  wires,  field  gun. 

25  priming  wires,  siege  gun. 

2  priming  wires,  15-inch  gun. 

26  prolonges. 

4  props  for  4J-inch  gun. 

4  props  for  howitzer. 
6  quoins. 

10  rammers  and  staves,  4J-inch  gun. 
2  rammers  and  staves,  15-inch  gun. 

40  rear  eccentric  axle  bars,  8-inch  carriages. 

11  scrapers  for  mortars. 

5  breech  sights  for  4^-inch  siege  gun. 

2  breech  sights  for  8-inch  siege  howitzer. 

4  front  sights  for  12-pounder  gun. 

5  front  sights  for  3-inch  rilled  gun. 

3  front  sights  for  4J  inch  siege  gun. 

2  front  sights  for  8-inch  siege  howitzer. 
2  tnmnion  sights. 
11  pairs  shell  hooks. 

5  spatulas. 

31  sponge  covers,  3-inch  gun. 

6  sponge  covers,  4J-inch  gun. 

2  sponge  covers,  G-pounder  gun. 
13  sponge  covers,  12-pounder  gun. 

2  sponge  covers,  12-pounder  field  howitzer. 
15  sponge  covers,  12-pounder  mountain  howitzer. 

1  sponge  cover,  10-inch  gun. 

2  sponges  and  rammers,  6-pounder  gun. 
15  sponges  and  rammers,  12-i)ounder  gun. 

2  sponges  and  rammers,  12-pounder  field  howitzer. 

27  sponges  and  rammers,  12-pounder  mountain  howitzer 
27  sponges  and  rammers,  3-inch  gun. 

4  sponges  and  rammers,  8-inch  siege  howitzer. 
10  sponges  and  staves,  4J-inch  gun. 

2  sponges  and  staves,  15-inch  gun. 
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1  sponge  and  staf^  13-iuch  sea-coast  mortar. 
6  securing  stakes. 

12  stakes  for  mortar  wagon. 
135  thumbstalls. 

2  tompions,  6-pounder  gun. 
12  tompions,  3-indi  gun. 

5  tompions^  4^iucli  gun. 

4  tompions,  12-pounder  gun. 
2  tompions,  24-pounder  gun. 
2  tompions,  8-incb  siege  howitzer. 
2  tompions,  200-pouncler  gun. 

2  tompions,  10-incL  mortars. 
12  tow  hooks. 

49  tube  pouches. 

50  vent  covers,  field  gun. 
9  vent  covers,  siege  gun. 

49  vent  pieces,  field  gun. 
25  vent  punches,  field  gun. 

3  vent  punches,  siege  gun. 
1  vent  punch,  15-incli  gun. 

1  wii)er  for  mortar. 

6  worms  and  staves,  field  gun. 

2  worms  and  staves,  siege  gun. 

468  feed  cases  for  Gatling  gun,  caliber  .45. 

7  clamps  for  worm  gear,  for  Gatling  gun,  caliber  .45. 
9  gun  covers,  for  Gatling  gun,  caliber  .45. 

9  drifts,  for  Gatling  gun,  caliber  .45. 

12  shell  drivers. 

8  extractors  for  headless  cartridge  shells,  for  Gatling  gun^  cal- 

iber .45. 

1  extractor  hook,  for  Gatling  gun,  caliber  .45. 

2  handles  for  wiping  rod,  for  Gatling  gun,  caliber  .45. 

2  trail  handspikes,  for  Gatling  gun,  caliber  .45. 

4  oscillators,  for  Gatling  gun,  caliber  ,45. 

13  wiping  rods,  for  Gatling  gun,  ciiliber  .45. 

12  lock  screw  drivers,  for  Gatling  gun,  caliber  .45. 

11  small  screw  drivers,  for  Gatling  gun,  caliber  .45. 

12  T  screw  drivers,  for  Gatling  gun,  caliber  .45. 

7  adjusting  screw  T\Tenches,  for  Gatling  gun,  caliber  .45. 

7  pin  wrenches,  for  Gatling  gun,  caliber  .45. 
11  rear  guide  nut  wrenches,  for  Gatling  gun,  ciUiber  .45. 
36  feed  cases  for  Gatling  gun,  caliber  .50. 

5  gun  covers,  for  Gatling  gun,  caliber  .50. 
36  feed  cases,  for  Gatling  gun,  caliber  1  inch. 

1  gun  cover,  for  Gatluig  gun,  caliber  1  inch. 

1  front  sight  cover,  for  Gatling  gun,  caliber  1  inch. 

1  butt  gear  extractor,  for  Gatling  gun,  caliber  1  inch. 

3  extractor  hooks,  for  Gatling  gun,  ctiliber  1  inch. 
1  lock,  for  Gatling  gun,  caliber  1  inch. 

3  butt  gear  pins,  for  Gatling  gun,  ciiliber  1  inch. 

3  extracting  pins,  for  Gatling  gun,  caliber  1  inch. 

3  firing  pins,  for  Gatling  gmi,  caliber  1  inch. 

1  extracting  rod,  for  Galling  gun,  caliber  1  inch. 

1  wiping  rod,  for  Gatling  gun,  caliber  1  inch. 

3  lock  springs,  for  Gatling  gun,  Civliber  1  inch. 

1  screw  driver  and  fork  wrench,  for  Gatling  gun,  caliber  1  inch. 

1  eye-pin  wrench,  for  Gatling  gun,  caliber  1  inch. 


REPORT  OF  THE  CHIEF  OF  ORDNANCE.  31 

Classes  IV  and  V. 

1, 000  1.5-inch  Hotchkiss  shell. 
1, 143  1.65-inch  Hotchkiss  shell. 

75  3-inch  shot. 
1, 004  3-inch  sheU. 

402  3-inch  case. 

348  3-inch  canister. 

128  12-i)ounder  shot. 

624  12-pounder  shell. 
86  12-pounder  case. 

472  12-pounder  canister. 
91  4^-inch  shot. 

228  4J-inch  shell. 

100  24-i)ounder  shell. 

350  30-pounder  shot. 

206  30-pounder  sheU. 

200  100-pounder  shell. 

25  200-pounder  (hollow)  shot. 

60  8-inch  shot. 
100  8-inch  sheU. 
159  10-inch  sheU. 

Class  VI. 

Muzzle-loading. 

10  Springfield  rifle  muskets,  caliber  .58. 
1, 262  smooth-bore  pistols,  caliber  54. 

Breech'lociding. 

201  Hotchkiss  magazine  carbines,  caliber  .45. 

20  Sharps  carbines,  caliber  .50. 

2, 177  Springfield  carbines,  caliber  .45. 

202  Hotchkiss  magazine  rifles,  caliber  .45. 
12  Springfield  rifles,  caliber  .50. 

6, 410  Springfield  rifles  caliber  .45. 

5  Springfield  rifles,  caliber  .45,  officer's  model. 
873  Colt  revolvers,  caliber  .45. 

6  Remington  pistols,  caliber  .50. 
12  Remington  revolvers,  caliber  .44. 

169  Schofield-s  Smith  &  Wesson  revolvers,  caliber  .45. 
6  Smith  &  Wesson  revolvers,  caliber  .44. 
22  ai-tillery  sabers. 
482  cavalry  sabers. 

21  musicians'  swords. 

37  non-commissioned  officers'  swords. 
6  stafl*  and  foot  officers'  swords. 
25  riflemen's  knives. 
841  trowel  bayonets. 

Class  VII 

41  artillery  saber  belts. 
25  artillery  saber  belt  plates. 
1  bnice  yoke  with  carbine  sling. 
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335  carbine  cartridge  boxes. 
7G6  carbine  cartridge  iK)uclies. 
1, 873  carbine  slings. 
1, 253  carbine  sling  swivels. 
40  pistol  cartridge  boxes. 
921  pistol  cartridge  pouches. 
2, 997  pistol  holsters. 
2, 264  sabei'  belts. 
2y  245  saber  belt  plates. 
253  saber  knots. 
86  brace  yokes^and  stay'straps. 
2, 885  steel  bayonet  scabbards. 

791  trowel  bayonet  scabbards. 
1, 001  blanket  bags. 
11, 413  canteens  and  straps. 
1, 969  carrying  braces. 

200  cartridge  belts,  caliber  .50. 
7, 509  cartridge  belts,  caliber  .45. 
4, 296  cartridge  boxes,  caliber  .45. 
138  cartridge  boxes.  No.  1. 
279  cartridge  boxes,  Xo.  2. 
77  cartridge  loops. 
6, 251  clothing  bags. 
4, 482  coat  and  blanket  straps. 

80  sliding  frogs. 
9,  744  forks. 
5, 815  gun  slings. 
11, 538  haversacks  and  straps. 
9,  751  knives. 
9, 619  meat  cans. 

447  scabbards  for  intrenching  tools. 
43  shciiths  for  knives. 
276  shoulder  braces. 
9, 179  spoons. 

12  non-commissioned  officers'  sword  belts  and  plates. 
151  stay  straps. 
S66  steady  straps. 
252  hoop  straps. 
10, 817  tin  cups. 
364  valises. 
165  valise  straps. 

113  noncommissioned  officers'  waist  belts  and  plates. 
3, 647  privates'  waist  belts. 
3, 566  privates'  waist  belt  plates. 
5, 000  brass  muzzle  covei's. 
7, 003  headless  shell  extractors. 
1, 357  tumbler  punches. 
944  jointed  ramrods,  steel. 
198  wiping  rods. 
3  ball  screws. 
8, 475  screw  driv^ers. 

3  clamp  screw  drivers. 
290  combination  screw  drivers  and  hoof  hooks. 
341  spring  vises. 
848  brush  wipers  and  thongs. 
12  wii)ers. 
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4,  Oil  curb  bridles. 
2, 365  watering  bridles. 

482  hair  cinchas. 

369  cruppers. 
5, 888  curry  combs. 
1, 845  girths. 

4, 551  halters  and  straps. 
7, 593  horse  brushes. 

435  horse  covers,  cotton  duck. 
5, 821  lariats. 
1, 250  links. 
6, 943  nosebags. 
2, 356  picket  pins. 
2, 001  saddles. 
4, 293  saddle  bags. 

486  saddle  blankets,  artillery. 
5, 171  saddle  blankets,  cavalry. 

141  saddle  cloths. 

156  forage  sacks. 
3, 644  side  Unes. 

877  carbine  sockets. 
4, 488  spurs. 
4, 698  spur  straps. 
3, 432  stirrups. 

27  stirrups  with  guidon  sockets. 
3, 652  stirrup  straps. 
2, 438  surcingles. 

Class  Vin. 

SMALL-ARM  AMMUNITION. 

Paper  cartridges. 
10, 000  rifle  ball  cartridges,  caliber  .58. 

Metallic  cartridges. 

300  Gatling  ball  cartridges,  caliber  1  inch. 
29, 845  rifle  ball  cartridges,  caliber  .50. 
6, 000  rifle  blank  cartridges,  caliber  .50. 
300  pistol  ball  cartridges,  cahber  .50. 
1, 157, 470  carbine  ball  cartridges,  caliber  .45. 
2,305, 865  rifle  ball  cartridges,  caliber  .45. 
243,  700  rifle  blank  cartridges,  caliber  .45. 
457, 516  revolver  ball  cartridges,  caliber  .45. 
46, 000  revolver  blank  cartridges,  caliber  .45. 
9, 000  multiball  cartridges,  caliber  .45. 
6, 500  revolver  ball  cartridges,  caliber  .44. 
Ij  736, 210  small-arm  cartridge  primers. 

Ammuniton  for  field  guns. 

10, 989  blank  cartridges,  12-pounder  mountain  howitzer. 
16,  721  blank  cartridges,  12-pounder  gun. 
6, 396  blank  cartridges,  6-pouuder  gun. 

3oRD 
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15, 511  blank  cartridges,  S-inch  gun. 

300  blank  cartridges,  l-iK)und  charge. 
3, 920  blank  cartridges,  ^-pound  charge. 
1, 000  electric  primers. 
84, 463  friction  primers. 
J  1, 016  fuses. 

6, 000  pounds  cannon  powder. 
10, 000  pounds  hexagonal  i)owder. 
4, 100  iK)unds  mammoth  powder. . 
100  pounds  mealed  jwwder. 
21, 284f  pounds  mortar  i)owder. 
17, 551  pounds  musket  and  rifle  i)Owder. 

12  portfires. 

70  quick  matches. 

Glass  IX 

1  stadia  bag. 
30  fencing  bayonets. 
6  blocks. 

1  half  block. 

2  sets  pulley  blocks. 

4  quarter  blocks. 

2  hand  carts. 

3  sling  carts. 
2  sling  chains. 
6  gun  chocks. 
6  roller  chocks. 

16  wheel  chocks. 

2  garrison  gins. 

5  hydraulic  jacks. 

3  lifting  jacks. 

30  fencing  muskets. 
1  shifting  plank. 

1  platform,  4J  inch  gun. 

5  platforms,  siege  mortar; 

2  long  rollers. 
2  short  rollers. 

2  trace  ropes. 

1  sheave  for  siege  gin. 

13  brass  stadia. 

1  silver  stadium. 

4  plane  tables. 
450  intrenching  tools. 

3  store  trucks. 

Glass  X— II. 

1  axle. 

1  splinter  bar. 

2  bolstei-s. 

1  limber  fork. 

3  gibbs. 

2  lever  catch  hooks. 

6  keys  and  .chwis* 
6  keys  and  pins. 

6  pintles  and  chains. 
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12  lineh  pins  and  washers. 
6  stay  pins. 

2  tmnnion  plates. 
18  poles. 

9  pole  props. 

3  middle  rails. 
8  side  rails. 

2  ]>oiutiug  rings. 

6  elevating  screws; 
10  sockets  for  eccentric  chassis. 

3  thills. 

36  linch  washers. 
16  shoalder  washers. 
28  wheels. 

1  pole  yoke. 

6  keys  and  chains,  Gatling  carriage,  caliber  .50. 

5  pintle  keys  and  chains,  Gatling  carriage,  caliber  .50. 
12  keys  and  pins,  Gatling  carriage,  caliber  .50. 

6  linch  pins,  Gatling  carriage,  caliber  .50. 
6  stay  pins,  Gatling  carriage,  caliber  .50. 
6  washers,  Gibtling  carriage,  caliber  .50. 

14  bucket  rings  or  carriers,  Gatling  carts,  caliber  .45. 
6  extension  chains. 

6  plate  hooks. 
6  tug  hooks. 

8  shaft  props. 

2  outside  shafts. 

4  hasp  and  plate  staples. 
6  plate  staples. 

6  saddle  shaft  tug  straps. 
6  single  trees. 
16  saddle  shaft  tugs. 

1  washer'for  e«id  of  maiift  shaft; 

Class  X— III. 

12  belly  bands. 

2  artillery  bits. 

63  artillery  bridles. 

1  breeching  for  mountain  howitzepharnesB*^ 
10  bridles  for  mountain  howitzer  harness. 
312  brassqpffated  buckle. 
1, 071  iron  roller  buckles. 
25  collars. 
12  cruppers. 

9  girths.- 

1  lashing  girth. 
12  leg  guai^s. 
134  halters. 
9  rammer  heads,  3-inch. 
4  rammer  heads,  12-pounder. 
1  rammer  heapdf,nlomitain^li<D#itKep4 

15  sx>onge  heads,  3-inch. 

4  sponge  heads,  12-pounder. 
1  sponge  head,  mountain  howitzer. 
36  cold  shut  links. 
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4  loops  for  breast  straps. 
17  pole  pads. 

2  lashiDg  ropes. 

69  rosettes  for  artillery  bridles. 
158  woolen  sponges,  3-incli. 
34  woolen  sponges,  4J-incli. 
24  woolen  sponges,  6-pounder. 
81  woolen  sponges  12-pounder. 
26  woolen  sponges,  mountain  howitzer. 

1  rammer  staff,  3-inch. 

4  staves,  12-pounder. 

5  breast  straps. 
116  halter  straps. 

8  hame  straps. 
12  loin  straps. 
81  pole  straps. 

4  tompion  straps. 
12  trussing  straps. 

1  pair  traces  for  Gatling  cart  harness. 
16  traces  for  patent  splinter  bar. 
67  lead  traces. 
20  wheel  traces. 
12  valises. 
164  whips. 

Class  X— IV  and  V. 

200  lOinch  sabots. 
200  10-inch  tin  straps. 

Class  X— VI. 

Parts  Springfield  ri/leSj  caliber  .50,  model  1866. 

20  ejector  springs. 

10  ejector  spring  caps. 

20  ejector  spring  cap  screws. 

10  hinge  screw  nuts. 

10  thumb  pieces. 

20  thumb  pi^QC  screws. 

Parts  Springfield  rifi^j  caliber  .50,  inodelllS68» 

50  stocks,  complete. 

Parts  Sprifigfield  ^^  Cadet  ^^  rifle j  caliber  .45. 

^  butt  plates. 

5  ramrods. 

40  stocks,  wood  part. 

Parts  Springfi^eld  rifle^  caliber  .45. 

916  lower  bands. 
1, 298  upper  bands. 
326  band  springs. 
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20  band  swivels. 

15  band  swivel  pins. 

40  band  swivel  screws. 

14  barrels. 

2  barrels  and  receivers. 
710  bavonets. 
359  bayonet  clasps. 
408  bayonet  clasp  screws. 
310  bayonet  clasp  stop  screws. 

52  breech  blocks. 
124  breech  block  caps. 
2,569  Iweech  block  cap  screws. 

80  breech  screws. 
553  bridles. 

911  bridle  screws. 
43  bntt  plates. 

231  butt  plate  screws. 

110  cam  latches. 
2j  034  cam  latch  springs. 
3, 588  ejector  springs. 
1, 817  ejector  spring  spindles. 

130  ejector  studs. 

556  extractors. 
2, 712  firing  pins. 
2, 595  firing  pin  screws. 

251  firing  ]>in  springs. 

139  front  sights. 

104  guard  bows. 

348  guard  bow  nuts. 

550  guanl  bow  swivels. 
1, 200  guard  bow  swivel  screws. 
61  guard  plates. 

415  guard  screws. 

279  hammers. 

295  hinge  pins. 
50  hinge  pin  studs. 
6  locks. 

81  lock  plates. 
1, 372  main  springs. 

1, 206  main  spring  swivels. 

281  main  spring  swivel  rivets. 

550  ramrods. 

130  ramrod  stops. 

393  rear  sights  (buckhom), 

112  rear  sights,  Bull's. 
1,097  rear  sights. 

269  rear  sight  bases. 
1, 072  rear  sight  base  screws. 

359  rear  sight  base  springs. 

385  rear  sight  leaves. 

691  rear  sight  joint  pins. 

479  rear  sight  slides. 

484  rear  sight  slide  springs. 

669  rear  sight  slide  spring  rivets. 
1, 861  sears. 

836  sear  screws. 
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iy  SS5  sear  springs. 
673  sear  spring  screws. 
947  side  screws. 
548  side  screw  washers. 
210  stocks,  complete. 
792  stocks,  wood  part 
423  tang  screws. 
108  thumb  pieces. 

55  tips  for  stock. 

96  til)  screws. 
128  triggers. 
191  trigger  screws. 
2, 068  tumblers. 
1, 888  tumbler  screws. 

10  pistol  gripes  for  officers' rifles,  caliber  .45. 

Parts  Springfield  carbine,  caliber,  .45. 

135  bands. 

160  stacking  bands. 

2  band  springs. 
•   2  barrels. 
2  bridles. 
7  bridle  screws. 
159  breech  block  cap  screws. 
16  breech  screws. 
70  butt  plates. 

30  butt  plate  covers  and  friction  springs. 
176  butt  plate  screws. 
30  butt  plate  springs. 
30  butt  plate  spring  screws. 
2  cam  latches. 
185  cam  latch  springs. 
485  ejector  springs. 
215  ejector  spring  spindles. 

6  ejector  studs. 
114  extractors, 

212  firing  pins. 

213  firing  pin  screws. 
125  firing  pin  springs. 
846  front  sights. 

575  front  sight  pins. 
200  front  sight  rivets. 

25  front  sight  studs. 

36  guard  bows. 
1  guard  plate. 

34  guard  screws. 

4  hammers. 
42  hinge  pins. 

140  main  springs. 
240  ramrods. 
14  sears. 

7  sear  screws. 
152  sear  springs. 

5  sear  spring  screws. 
73  side  screws. 
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745  rear  sights,  complete. 
1, 123  rear  sight  bases. 
150  rear  sight  base  screws. 
44  rear  sight  base  springs. 
161  rear  sight  leaves. 
42  rear  sight  joint  pins. 
331  rear  sight  slides. 
309  reiir  sight  slide  springs. 
345  re^ar  sight  slide  spring  rivets. 
1, 335  stocks,  complete. 

360  stocks,  wood  part. 
1,  111  s\dvel  bars.  # 

1, 256  swivel  bar  rings. 
10  stacking  swivels. 
40  tang  screws. 
3  thumb  pieces. 
36  tumblers. 
197  tumbler  screws. 
5  triggers. 
10  trigger  screws. 

Parts  8harp8  carbiney  caliber  .50. 

30  bands. 

30  band  springs. 

10  barrel  studs. 

10  bridles. 

20  bridle  screws. 

5  butt  plates. 
30  butt  iplate  iscrews. 
25  butt  stocks. 
10  extractors. 
20  firing  bolts. 
30  firing  bolt  screws. 

3  guard  plates. 
30  guard  plate  screws,  front. 

5  guard  plate  screws,  rear. 

5  hammers. 

5  levers. 
10  lever  catches. 
20  lever  catch  screws. 
30  lever  catch  springs. 
30  lever  catch  spring  pins. 
30  lever  catch  spring  screws. 

5  lever  keys. 

30  lever  key  stop  springs. 
40  lever  key  stop  spring  screws. 
30  lever  springs. 
40  lever  spring  screws. 

5  lock  plates. 
10  main  springs. 
30  main  spring  screws. 
10  nose  caps. 
20  nose  cap  screws. 

5  patch  box  lids. 
15  primer  covers. 
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Vf  ynn30rx  •-xj  it-^ 

25^1  \0nsn^^  9f^0nii::  *0mwK, 

'>!  r«ir  m;rbr  j/yiiit  pixuL 

20  >*id#-  pscrewfs.  rear. 

3^1  swivel  l^r*. 

W  mriv*'!  ^jsw  rings. 

00  inrivel  t>ar  *!>fTewft. 

O^i  Hwivel  .•screwii. 

25  tip  Ktr>«:k«. 

10  Wggles. 

2*1  to^ii^Uf  wiTewg. 

10  tri^^erH. 

2*)  trifrger  8erew8- 

10  tuiublens. 

15  taiobler  Htirmpfi. 

80  tumbler  stirrup  screws. 

Partf  o/*  Hotckkisi  wuiffozme  otsm,  oeili&fr  .45. 

100  cartridge  ntop  pin& 

100  cut  offJ4. 

100  extractorK. 

100  firing  pin  screws. 

40  niiigazine  springs. 

40  main  springs. 
100  trigger  pins. 
100  trigger  spring  screws. 

Parts  of  Colts  revolverij  edUber  .45. 

21  back  straps. 

198  back  strap  screws. 

145  bolts. 

135  bolt  screws. 

351  C4*ntcr  pins. 

220  c<fnter  pin  bushings. 

405  cx».nter  fjin  catch  screws. 

84  center  \nn  screws. 

25  cylinders. 
255  ejex;tf>r  heads. 
144  ej<^jtor  nxls. 

3  ejecjtor  rod  heads. 
277  ej(H*tor  springs. 
ir^i  ejec^tor  tubes. 
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201  ejector  tube  screws. 

91  firing  pins. 
106  firing  pin  rivets. 

10  frames. 

50  front  sights. 

78  gates. 
213  gate  catches. 
243  gate  catch  screws. 

10  gate  latch  springs. 
228  gate  springs. 

36  goards. 
238  guard  screws,  long. 
248  guard  screws,  short. 

76  hammers. 
128  hammer  cams. 
128  hammer  rolls. 
128  hammer  roll  rivets. 
161  hammer  screws. 
128  hands. 
173  hand  springs. 
116  main  springs. 
163  main  spring  screws. 

50  recoil  plates. 

38  sear  springs. 
213  sear  and  stop  bolt  screws. 
150  sear  and  stop  bolt  springs. 
119  stocks. 

25  stop  bolt  screws. 
36  triggers. 

148  trigger  screws. 

Parts  of  SchofielcPs  Smith  and  Wesson  revolver^  caliber  .46. 

16  barrel  catch  spring. 

3  cylinder  catcii  cams. 

6  cylinder  catch  cam  screws. 
18  cylinder  catch  screws. 
18  extractors. 
18  extractor  springs. 
18  extractor  stems. 
18  hand  springs. 
28  main  springs. 
18  pawl  springs. 

6  stop  bolts. 
13  stop  springs. 
18  strain  screws. 

26  triggers. 

26  trigger  springs. 
2  musician's  sword  scabbards. 
1  tip  for  musician's  sword  scabbard. 
6  officer's  nickel-plated  sword  scabbards. 
6  trowel  bayonet  plugs. 

Class  X— VII. 

472  saber  belt  attachment. 
400  linen  bags  for  saddle  bags. 


i 
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12  curb  bits. 
1, 292  halter  bolts, 
891  assort^Hl  buckles. 
14, 268  brass  bar  buckles. 

60  brass-plated  buckles. 
1, 543  brass  wire  buckles. 
3, 030  iron  bar  buckles. 
3, 832  iron  roller  buckles. 
2, 417  canteen  corks  and  chains. 
409  halter  chains. 
105  curb  chains  and  safes. 
2, 091  canteen  covers. 
1, 500  brass  D's  for  cartridge  belts. 
2, 386  side  line  fasteners. 

60  brass  tips  or  ferrules  for  trowel  bayonet  scabbard. 
90  bridle  headstalls. 
620  halter  headstalls. 
140  brass  saber  snap  hooks. 
700  stiiTup  hoods. 
40  gunsling  hooks. 
512  sweat  leathers. 
140  curb  strap  loops. 
30  iron  stirrup  loops. 
2, 916  ovals. 
100  month  pieces  for  curb  bits. 
171 J  gross  escutcheon  screw  pins. 
200  escutcheon  plates. 
10  curb  bridle  reins. 
20  watering  bridle  reins. 
4, 836  brass  rings. 
1,  764  D  rings. 
3, 141  halter  rings. 
1, 361  iron  rings. 

95  leather  seats  for  canvas  saddle  bags. 
532  shields. 

200  slides  for  saber  belt  attachment. 
36  snaps  for  links. 
367  snaps  for  side  lines. 
38^  gross  spring  snaps. 
1, 375  halter  squares. 
2, 796  brass  foot  staples. 
5y  796  brass  staples  for  rings. 
1, 000  coat  strap  stops. 
1, 002  blanket  bag  straps. 
6, 815  canteen  straps. 

45  cartridge  belt  straps  with  brass  tips. 
120  cincha  straps. 
3, 995  clothing  bag  straps. 

3. 025  coat  straps. 

4  crupper  and  back  fitra^. 
90  curb  straps. 

4. 026  halter  straps. 

335  halter  hitching  straps. 
3, 345  haversack  straps. 
3  hook  straps. 
51  girth  straps. 
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532  saddle  bag  studs. 
1  cavalry  st^dle  tree. 
2, 644  yards  linen  webbing,  4  inches  wide. 

168  yards  linen  webbing,  4^  inches  wide. 
1, 687  yards  linen  webbing,  7|  inches  wide. 

600  yards  woolen  webbing,  4  inches  wide. 

Class  X— VIII. 

738, 000  bullets,  caliber  .45. 

4,  300  cartridge  bags  for  6-pounder  gun. 

7, 450  cartridge  bags  for  12-pounder  gun. 

1, 299  cartridge  bags  for  12-pounder  mountain  howitzer. 

1,  000  cartridge  bags  for  24-pounder  howitzer. 

2,  500  cartridge  bags  for  30-pounder  gun. 
500  cartridge  bags  for  100-pounder  gun. 

50  cartridge  bags  for  200-pounder  gun. 
500  cartridge  bags,  assorted. 
2, 200  cartridge  bags,  ^-pound  charge. 
2, 000  cartridge  bags,  IJ-pounds  charge. 
1, 000  cartridge  bags,  2-"poundscharge. 
6, 550  cartridge  bags  for  3-inch  gun. 
1, 115  cartridge  bags  for  4Jinch  gun. 
80  cartridge  bags  for  8-inch  gun. 
745  cartridge  bags  for  10-inch  gun. 


PART   SECOND. 
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50  yards  burlaps. 
30  feet  carding  cloth. 


—  > 


jj 


pieco«  card  clothing. 


55  yards  cotton  cloth. 
79^  pounds  sash  cord. 
99  pounds  waste  cotton. 
1  pound  hemp,  packing. 
60  pounds  marline. 
1, 595  pounds  assorted  rope. 

18  pounds  assorted  thread. 
90J  pounds  patent  linen  thread. 

334^  pounds  saddler's  thread. 
599f  pounds  shoe  thread. 

10  pounds  tow. 
320^  pounds  twine. 
l|  x>ounds  woolen  yarn. 
6  spring  bolts. 

19  pounds  burrs. 
90  butts. 

369  toe  calks. 

60  pressure  discs. 

36  hinges. 

859  pounds  bar  iron. 
544  pounds  cast  iron. 
100  pounds  hoop  iron. 
141  pounds  plate  iron. 
l^S^  pounds  copper  nails. 
1, 055  pounds  horseshoe  nails. 


I 
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^4^4  j>;^Lcad^  t>'.*j*j>«."j  rir«et» 

4r>  grc#^  iron  «ereir& 
1  pcMiiid  iixju  9ereir& 

1  pcMiud  spejt«r. 
1^  pcMiiid^  fjisir  sUieL 
70f  poaii4L^  t>t/pper  tadks. 

3^SJ  pMuxls  ircMi  tackfi. 

7  J  poond^  ec^pcr  mire. 
33  pf/oud^  irrja  wire. 
1€^  tihtetB  zzDC 
00^  feet  aliuD  taoDcd  leadier. 

6  ^i<k^  aiom  tanned  leather 
0(#  feet  beltiDg  leather. 

If  227  J  )»kle8  bridle  leather. 
50  f3e*t  bttff  leather. 

7  skle»f  collar  leather. 
27, 7044  [KMinds  harness  leather. 

150  leather  pieces. 
300  leather  straps. 
11^  Iioonds  calfskins. 

47  chamois  skins. 
3, 424  feet  Ix^ards. 

845  feet  plank. 
418  feet  scantling. 
2, 331  feet  timl>er. 

4  yx)xes  ela«;tic  bands. 
12  assorted  books. 
274  instruction  books. 

1  box  crayons. 
1, 600  envelopes. 

6  ink  erasers. 

4  boxes  pai>er  fasteners. 

2  pieces  India  rubber. 

8  bottles  black  ink« 

4  bottles  red  ink. 

5  bottles  mucilage. 
20  sheets  blotting  paper. 
55  quires  cap  paper. 

480  sheets  drawing  paper. 
10  quires  envelope  paper. 

1  quire  folio  paper. 
140  quires  letter  paper. 

2  reams  note  pajier. 

48  quires  wrapping  paper. 
74  lead  pencils. 

1  gross  metallic  pens. 
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6  penholders. 

2  bottles  pounce. 
500  pax>er  tags. 

11  i)ound8  muriatic  acid. 
45  poands  sulphuric  acid. 
63  gallons  alcohol. 
100  pounds  gum  arable. 
161|i  pounds  beeswax. 
306§  pounds  blackwax. 
487  quarts  leather  blacking. 
10  pounds  borax. 
76  bath  bricks. 
4  ounces  bristles. 

4  pounds  camphor. 
21  pounds  candles. 

5  pounds  chalk. 

200  pounds  pulverized  charcoal. 
30  quires  crocus  cloth. 
1, 209^  quires  emery  cloth. 
6, 563  pounds  coal. 

3  pounds  copperas. 
24|  gallons  Japan  drier. 
Ill  pounds  emery. 

40  i>ounds  glue. 
40  cans  axle  grease. 
489^  I>ounds  wheel  grease. 
278|  gallons  lacker. 
2  pounds  lacker. 

9  pounds  lampblack.  ** 

500  pounds  red  lead. 
855  pounds  white  lead. 
17  pounds  logwood. 
8  boxes  cleaning  material. 
16  pounds  polishing  material. 
73^  pounds  scouring  material. 
20|  quarts^browning  mixture. 
400  pounds  refined  niter. 
10  pounds  mitgalls. 
15  gallons  astral  oil. 

1  gallon  coal  oil. 

56^  quarts  cosmoline  oil. 

6  gallons  harness  oil. 
4, 264  pounds  harness  oil. 

80  gallons  kerosene  oil. 
8  gallons  lard  oil. 
659^4^  gallons  linseed  oil. 
34  gallons  mystic  oil. 

2  gallons  naiad  oil. 
120  gallons  neatsfoot  oil. 

677^  gallons  sperm  oil. 
2  gallons  sweet  oil. 
1, 006  pounds  black  paint. 

84  pounds  lead-color  paint. 
1, 810  x>ounds  metallic  paint. 
2, 590  pounds  olive  paint. 
840  pounds  red  paint. 
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2m  quires  emery  paper. 
750  pounds  laboratory  paper. 
48  pouuds  log  paper. 
500  ]>ound8  packing  paper. 
240  i)oimd8  i>etroleum  paper. 
160ff  quires  saud  paper. 
12  pounds  wrapping  paper. 

6  pounds  leather  polish. 
224  pounds  chlorate  of  potash. 
104  pounds  putty. 

3  pounds  rosin. 
75  pounds  gum  shellac. 
2j  255  pounds  soap. 

1  quart  soldering  solution. 
91|^  pounds  sponge. 

20  pounds  pumice  stone. 
498^  pounds  rotten  stone. 
142  i)ounds  nitrate  of  strontia. 
300  pounds  flowers  of  sulphur. 
200  shipping  tags. 
128^  gallons  coal  tar. 

5  pounds  gum  tragacanth. 
368  papers  tripoli. 

2  pounds  tripoli. 
556^  gallons  turpentine. 

77  gallons  varnish. 
10  pounds  vermilion. 
28  pounds  sealing  wax. 
10  gallotis  whiskey. 
93^  pounds  whiting. 

ToolSj  &0. 

2  cari)enter's  adzes. 

3  an^s. 

20  leather  aprons. 
8  augers  and  handles. 
714  assorted  awls. 

4  peg  awls  and  handles. 
47  saddler's  awls. 

2  seat  awls  and  handles. 
99  stitching  awls. 
2  stub  awls  and  handles. 

7  assorted  axes. 
1  broad  ax. 

24  felling  axes. 

1  hand  ax. 

2  canvas  nail  bags. 

35  bags  for  tacks,  wax,  &c. 

3  tool  bags  for  saddler's  and  smithes  tools. 
1, 743  metallic  powder  barrels. 

542  wooden  i>owder  barrels. 
2  baskets. 
1  bell  with  hangings,  complete. 

1  table  bell. 

2  bevels. 
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98  assorted  bits. 
61  bits  for  brace. 

4  saw  blades. 

6  hack-saw  blades. 
1  web-saw  blade. 

1  anvil  block. 

19  lead  panelling  blocks. 
1  copper  boiler. 

7  bottles. 

6  wooden  bowls. 

5  boxes  for  forge  and  battery  wagon  stores. 

1  box  for  Aatling  gun. 

3  shoeing  boxes. 

12  assorted  iron  braces. 
248  corn  brooms. 
297  assorted  brashes. 

4  counter  brashes. 
3  dusting  brushes. 

10  marking  brushes. 
235  paint  brushes. 

9  sash  brushes. 

20  wire  scratch  brushes. 
3  varnish  brushes. 

6  whitewash  brushes. 

12  water  buckets. 

46  galvanized  iron  water  buckets. 

2  buttresses. 
6  calipers. 

3  oil  cans. 
67  tin  cans. 

1, 512  powder  canisters. 

2  hand  creasing  carriages. 
39  pricking  carriages. 

6  chamois-skin  sword  cases. 

3  channelers. 
537  arm  chests. 

2  forage  chests. 

3  black  walnut  chests. 

11  tool  chests. 

31  assorted  chisels. 

13  firmer  chisels. 
1  framing  chisel. 

22  saddlers  clamps. 
1  steel  clamp. 
10  vise  clamps. 

1  clock. 
3  collets. 

52  compasses. 
9  finger  cots. 

2  countersinks. 
57  creasers. 

1  desk. 

6  reloading  dies. 

1  resizing  die. 

1  divider. 

2  turning  dogs. 
IdrifL 
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20  assorted  drills. 
17  oil  droppers. 
1  feather  duster. 

1  steam  engine. 

2  nail  extractors. 

15  primer  extractors. 
2, 168  assorted  files. 

1  fleam. 
4  floats. 

1  copper  funnel. 
4  furnaces. 

4  carpenter's  gauges.  * 

10  draw  gauges. 
1  mortise  gauge. 
1  saildler's  gauge. 
1  wire  gauge. 

16  gimlets. 

15  carpenter's  gouges. 

1  firmer  gouge. 

2  saddler's  gouges. 

2  grindstones  with  arbors  and  cranks. 
1  portable  grindstone. 

126  assorted  hammers. 
•  1  claw  hammer. 

1  copper  hammer. 

3  riveting  hammers. 
3  saddlers  hammers. 
1  shoeing  hammer. 

1  adze  handle. 
258  awl  handles. 

3  patent  awl  handles. 
12  ax  handles. 

85  file  handles. 

2  mattock  handles. 

8  pickax  handles. 

6  tool  handles. 

4  hardies. 

9  hatchets. 

1  bayonet  clasp  holder. 

5  reaping  hooks. 
9  saddlePs  horses. 

17  stitching  horses. 
4  clenching  irons. 

18  riveting  irons. 

3  rounding  irons. 

7  soldering  irons. 

1  jack  screw. 
255  assorted  knives. 

2  drawing  knives. 

3  gauge  knives. 

4  half  round  knives. 

5  head  knives. 
12  shoe  knives. 

6  shoeing  knives. 
12  splitting  knives. 

1  spirit  lamp  with  cup. 
1  spirit  level. 
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28  chalk  lines. 
89  padlocks. 
1  leather  creasiug  machine. 

1  sewing  machine. 

3  leather  splitting  machines. 

43  mallets. 

2  mattocks. 

7  tape  measures. 

4,955  assorted  needles. 

6  collar  needles. 

1  paper  harness  needles. 
50  saddler's  needles. 

55  papers  saddler's  needles. 
5S  nippers. 

2  sewing  palms. 
1  iron  pan. 

4  pickaxes. 

12  assorted  pincers. 
14  assorted  planes. 

1  foreplane. 
1  jackplane. 
1  moulding  plane. 
1  plulister  plane. 
1  plow  plane. 

1  smoothing  plane. 
32  pliers. 

660  wooden  plugs. 

2  pokers. 

4  glue  pots. 
6  paint  pots. 
1  letter  press. 

1  saddler's  tool-pouch. 

5  pritchels. 

38  assorted  punches. 
16  bullet  punches. 
68  hand  punches. 

2  reloading  punches. 
16  saddler's  punches. 
49  spring  punches. 

1  iron  rack. 

1  rake. 
88  rasps 

13  reamers. 

2  chalk-line  reels. 
1  riffler. 

4  wiping  rods. 

44  2-feet  rules. 

1  measuring  rule. 

1  iron  safe. 

25  assorted  saws. 

2  compass  saws. 
1  frame  saw. 

5  handsaws. 

1  rip  saw. 

2  tenon  saws. 

1  counter  scaler. 
1  letter  scales. 

4  OJRD 


50  REPORT    OF   THE   CHIEF   OF    ORDNANCE. 

1  platform  scales. 
13  scissors. 

1  barrel  scraper. 

1  box  scraper. 
41  screwdrivers. 

4  screwdrivers  for  brace 

1  screw  plate  with  dies  and  taps. 

2  scribers. 
18  scythes. 

4  scythe  snaths. 
9  assorted  sets. 

17  burr  or  rivet  sets. 

4  saw  sets. 
50  shears. 

1  bench  shears. 
1  tinner's  shears. 
7  sickles. 
7  sieves. 

18  assorted  shovels. 

10  long-handled  shovels. 
1  smith's  shovel. 
26  slickers. 

6  magazine  slippers. 
1  safety  socket. 

7  spades. 

5  si)okeshaves. 
17  squares. 

1  seal  stamp. 

4  sets  brass  stencil  cutters,  letters,  and  figures. 

1  set  steel  stencil  cutters,  letters,  and  figures,  ^  inch. 

1  set  steel  stencil  cutters,  letters,  and  figures,  |  inch. 

1  set  loop  sticks. 

3  die  stocks  and  dies. 
1  drill  stock. 

37  oil  stones. 
39  sand  stones. 

6  scythe  stones. 
*  1  straight  edge. 

7  assorted  taps. 

82  thimbles. 
30  ticklers. 
59  tongs. 

33  claw  tools. 

83  edge  tools. 

180  sets  cartridge  reloading  tools. 
71  sash  tools. 

1  pair  trammels. 
25  tubes  for  spring  puncb. 
17  assorted  vises. 

7  hand  vises. 
12  bluffing  wheels. 

6  emery  wheels. 
117  pricking  wheels. 

1  wheelbarrow. 

1  monkey  wrench. 
50  screw  wi*enches. 

1  wrench  for  vent  piece. 


APPENDIX  C. 

**mment  of  ordnance^  ordnance  stores j  xfc,  for  the  fiscal  year  etiding  June  30,  1879, 
-sections  1661  and  1667  Bevised  Statutes  United  States,  and  regulations  established 
/\>rmity  therewith. 
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APPENDIX  D. 

Statenient  of  ordnance^  ordnmice  stores^  rfc,  distributed  to  the  militia  ) 
July  1,  1878,  to  June  30,  1879,  under  sections  IGOl  and  16G7  i?^« 
Statutes  United  States, 

Class  I. 

6  6-pounder  bronze  guns. 

4  light  12-pounder  bronze  guns. 

4  3-inch  wrought-iron  rifled  guns. 
1  Gatling  gun,  caliber  1  inch. 

Class  II. 

6  carriages  and  limbers  for  6-pounder  gun. 

5  carriages  and  limbers  for  light  12-iK)under  guns. 
4  carriages  and  limbers  for  3-inch  gun. 

1  caniage  and  limber  for  Gatling  gun,  caliber  1  inch. 

7  caissons  and  limbers  for  light  12-pounder  gun. 
4  caissons  and  limbers  for  3-inch  gun. 

Class  III. 

2  sponge  buckets,  iron,  for  field  guns. 

1  tar  bucket,  iron,  for  field  guns. 

2  watering  buckets. 

30  feed  cases  for  Gatling  guns,  caliber  1  inch. 
19  gunners'  haversacks. 

8  gunners'  gimlets. 
14  handsjukes,  trail. 

25  sets  of  artillery  harness,  2  horses,  wheel. 
22  sets  of  artillery  harness,  2  horses,  lead. 
76  lanyards  for  friction  primers. 
4  pendulum  hausses. 

4  pendulum  hausse  seats. 
22  paulins,  12  by  15  feet. 
12  prolonges. 

17  priming  wires. 

10  sponges,  woolen,  12-pounder  gun. 

5  sponges,  woolen,  3-inch  gun. 
8  sponge  heads,  3-inch  gun. 

8  sponges  and  rammers,  6-pounder  gun. 
8  sponges  and  rammers,  3-inch  gun. 

18  sponges  and  rammers,  12-pounder  gun. 
8  sponge  covers,  6-iK)under  gun. 

8  sponge  covers,  3-inch  gun. 
10  sponge  covers,  12-pounder  gun. 
84  thumbstalls. 

4  tompions,  for  3-inch  gun. 

4  tompions,  for  12-i)ounder  gun. 

6  tow  hooks. 
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19  tube  pouches. 

13  vent  covers. 

5  vent  punches. 
4  artillery  whips. 

1  worm  and  staff,  for  6-poander  gun. 

2  worms  and  staves,  for  12-pounder  gun. 

Class  V. 

60  6-pounder  shot,  strapped. 

20  3-inch  shot,  fully  prepared. 
60  12-pounder  shot,  strapped. 
32  12-pounder  shot,  fixed. 

16  12-pounder  shells,  fixed. 

40  3-inch  case  shot,  fully  prepared. 

35 12-pounder  case  shot,  fixed. 

IM)  3-inch  canister,  fully  prepared. 

25  6-pounder  canister,  filled  and  fixed. 

44  12-pounder  canister,  filled  and  fixed. 

Class  VI. 

Breech-loading, 

241  Springfield  rifles,  caliber  .50. 
5, 269  Springfield  rifles,  caliber  .45. 

1  Springfield  rifle,  oflBicers'  model,  caliber  .45. 
319  Springfield  carbines,  caliber  .45. 
40  Spencer  carbines,  caliber  .50. 
380  Smith  and  Wesson  revolvers,  caliber  .44. 
612  Schofield  Smith  and  Wesson  revolvers,  caliber  .45. 
1, 030  Colt's  revolvers,  caliber  .45. 

14  ofiftcers'  swords,  with  two  scabbards. 
245  light  artillery  sabers. 

130  light  cavalry  sabers. 
114  non-commissioned  officers'  swords. 
12  bayonets  for  caliber  .45  rifles. 

Class  VII. 

200  sets  infantry  accoutermeuts. 
1  valise. 

290  saber  belts  and  plates. 
60  saber  knots. 

100  brace  yokes  and  stay  straps. 

110  non-commissioned  officers'  sword  belts  and  plates. 

200  haversacks  and  straps. 
51  carbine  slings  and  swivels. 

200  carbine  cartridge  pouches. 

550  pistol  cartridge  pouches. 

750  pistol  holsters. 
3, 392  steel  bayonet  scabbards. 

200  leather  bayonet  scabbards. 

550  cartridge  boxes,  caliber  .50. 
3, 470  cartridge  boxes,  caliber  .45. 
3, 337  gun  slings. 
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3,  76()  waist  belts  and  plates. 
40  sets  horse  equipments. 
L'3  curb  bridles. 
10  watering  bridles. 
390  cavalrj'  saddles. 

4  artillery  drivers'  saddles. 
100  girths. 

10  halters  and  straps. 
10  pairs  saddle-bags. 
30  saddle  blankets. 
25  felt  saddle  cloths. 
2  sweat  leathers. 

Class  VIII. 

458  blank  cartridges  for  3-iuch  gun. 
700  blank  cartridges  for  light  12-i)ounder  gun. 
5, 000  elongated  baU  cartridges,  paper,  calibre  .54. 
10, 000  elongated  ball  cartridges,  pai)er,  caliber  .oS. 
1, 139, 000  rifle  ball  cartridges,  caliber  .50. 
416, 000  rifle  ball  cartridges,  caliber  .45. 
500  multiball  cartridges,  caliber  .45. 
12, 000  carbine  ball  cartridges,  caliber  .50. 
12, 300  carbine  ball  cartridges,  caliber  .45. 
1, 200  pistol  ball  cartridges,  caliber  .44. 
7, 400  pistol  ball  cartridges,  caliber  .45. 
2, 000  ball  cartridges  for  Gatling  gun,  caliber  1  inch. 
27, 000  rifle  blank  cartridges,  caliber  .50. 
04,  (XK)  rifle  blank  cartridges,  caliber  .45. 
500  ]K)unds  cannon  powder. 
2, 000  pounds  mortar  j)owder. 
1,  750  friction  primers. 


4, 000  percussion  caps. 


Class  X. 


9  8paiM3  wheels. 
31  pole  pads. 

4  pairs  pole  straps. 

2  si)are  poles. 

Spare  parts  for  Springfield  rifle^  caliber  .50. 

1  stock. 
153  firing  pins. 
Ill  firing  pill  springs. 

3  cam  latch  springs. 

5  breech  screws. 

9  upper  band  swivels. 
50  bdckhom  sights  complete. 

Spare  parts  for  Springfield  rifie,  caliber  .45. 

11  stocks. 

4  tips. 

1  ramrod. 
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1  ramrod  stop. 

5  band  springs. 

2  side  screw  washers. 

2  butt  plates. 

4  butt  plate  screws. 
1  bridle. 
14  band  screws. 
1  bayonet  clasp  screw. 

3  breech  block  cap  screws. 
500  firing  pins. 

500  firing  pin  springs. 
1  guaiS  bow  swivel. 
1  guanl  bow  swivel  screw. 

7  guard  screws. 
1  lock. 

8  lower  bands. 

6  upper  bands. 

1  upi>er  band  swivel. 

1  upper  guard  screw. 

4  rear  sights. 

3  rear  sight  bases. 

4  rear  sight  base  springs. 
20  rear  sight  joint  screws. 
14  rear  sight  base  screws. 

204  rear  sight  leaves. 

24  rear  sight  leaf  screws. 
221  rear  sight  slides. 

2  sear  springs. 
6  side  screws. 

123  tumblers. 
37  tumbler  screws. 
4  tang  screws. 

Miscellaneous. 
1  felling  ax. 
1  pickax. 

1  long-handled  shovel. 
1, 000  Hoffman  attachments. 
1  primer  ejecting  machine. 
1  powder  charging  machine. 
1  resizing  machine. 
1  pressing  and  crimping  machine. 


APPENDIX  E. 

Statement  of  ordnance,  ordnance  stores,  <fec.,  distributed  to  colleges  and 
universities  from  July  1,  1878,  to  June  30,  1879,  under  section  1225 
Revised  Statutes  United  States,  as  amended  by  act  approved  July  5, 1876. 

Class  I: 

4  6-pounder  bronze  guns. 
6  3  inch  wrought  iron  guns. 

Class  II. 

2  6-i)ounder  gun  carriages  and  limbers. 
6  3-inch  gun  carriages  and  limbers. 
2  caissons  and  limbers  for  6-pounder  guns. 
4  caissons  and  limbers  for  3-inch  guns. 

Class  III. 

10  gunners'  haversacks. 

10  handspikes. 

20  lanyards  for  friction  primers. 

10  priming  wires. 

8  paulins,  12  by  15  feet. 

1  3-inch  pendulum  hausse. 

1  seat  for  pendulum  hausse. 

1  pouch  for  pendulum  hausse. 

4  sx)onges  for  6-pounder  gun. 

4  sponge  covers  for  6-pounder  gun. 
16  sponge  covers  for  3-inch  gun. 

6  sponges  and  rammers,  6-pounder  gun. 
18  sponges  and  rammers,  3-inch  gun. 
20  thumbstalls. 

6  tompions,  3-inch  gun. 
10  tube  pouches. 
10  vent  covers. 

Class  VI. 

667  Springfield  "cadet"  rifles,  caliber  .45. 
28  non-commissioned  oflBcers'  swords,  steel  scabbards. 

Class  VII. 

8  non-commissioned  officers'  shoulder  belts  and  plates. 
30  saber  belts  and  plates. 
667  steel  bayonet  scabbards. 
667  cartridge  boxes,  caliber  .45. 
667  waist  belts  and  plates. 
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Class  VIII. 

1, 150  blank  cartri<lges  for  6-iM)uiider  gun. 
500  blank  cartridges  for  3-mch  gun. 
100  blank  cartridges  for  12-pounder  gun. 
1, 000  rifle  ball  cartridges,  caliber  .50. 
1, 000  rifle  ball  cartridges,  caliber  .45. 
5, 500  carbine  ball  car&dges,  caliber  .50. 
10, 500  carbine  ball  cartridges,  caliber  .45. 
7, 500  rifle  and  carbine  blank  cartridges,  caliber  .50. 
11, 500  rifle  and  carbine  blank  cartridges,  caliber  .45. 
5,  .550  friction  primers. 
100  ponnds  mortar  powder. 
10  time  fuses  for  8-incb  mortar  shells. 


APPENDIX  F. 

JStatement  of  ordnance  stores^  tte.,  distributed  to  the  Territories  and  States 
bordering  thereon^  from  July  1, 1878,  to  June  30,  1879,  under  the  jiyint 
resolutions  of  July  3, 187G,  March  3,  1877,  and  June  7,  1878,  and  the 
act  of  May  16^  ISIS. 

2, 470  Springfield  rifles,  caliber  .50. 
470  leather  bayonet  scabbards. 
470  cartridge  boxes,  caliber  .58. 
470  gun  slings. 
470  waist  belts  and  plates. 
123, 500  rifle  ball  cartridges,  calil>er  .50. 


APPENDIX  G. 

Statement  of  ordnance  and  ordnance  stores^  itc*.,  issued  to  the  Executive 
Departments^  under  the  provisions  of  the  act  of  March  3,  1879. 

Class  VI. 

8  Springfield  rifles,  caliber  .50. 
100  Springfield  rifles,  caliber  .45. 

12  Springfield  carbines,  caliber  .45. 
420  Colt's  revolvers,  caliber  .45. 

Class  VII. 
100  cartridge  boxe«. 
220  pistol  holsters. 
320  waist  belts  and  plates. 

Class  VIII. 

400  rifle  ball  cartridges,  caliber  .50. 
6, 0(>0  rifle  ball  cartridges,  caliber  .45. 
17, 600  revolver  ball  cartridges,  caliber  .45. 


REPORTS  OF  TUE  CO>STRUCTOR  OF  ORDNANCE. 

Office  of  the  Constructor  of  Ordnance, 

Netv  York^  October  2,  1879. 
Sir:  I  have  the  honor  to  inclose  herewith  reports  on  the constructio] 
of  the  following-named  ordnance,  to  wit: 

11-inch  muzzle-loading  rifle,  converted  from  a  15-inch  smooth  bor 
Roilman  gnn,  breech  insertion  of  lining. 
3-inch  breech-loading  rifle. 
3.  17-inch  muzzle-loading  chambered  rifle. 
3.  16-inch  muzzle-loading  rifle,  '*  rapid  twist." 

Also  reports  on  gas  checks  for  breech-loading  rifles,  and  the  alteri 
ation  made  in  the  traverse  gear  of  the  12-mcli  rifle  chassis. 

The  above  comprise  all  the  experimental  guns  which  have  been  coi 
structed  under  the  supervision  of  this  oflice  up  to  date,  and  since  tli 
date  of  my  last  reports  published  with  the  report  of  the  Chief  of  Ore 
nance  for  the  year  1878. 

I  am  largely  indebted  to  the  sersnces  of  Capt.  Charles  S.  .Smith  an 
Lieut.  C.  W.  Whipple,  of  the  Ordnance  Department,  in  the  compilatio 
of  tliese  reports  from  the  data  on  the  flies  of  this  oftice. 
Very  respectfully,  your  obe<lient  servant, 

S.  CRISPIN, 
Bvt.  Col,  U.  8.  A.J  Lieut  Col.  of  Ordnance^ 

Constructor  of  Orduance, 
The  Chief  of  Ordnance,  U.  S.  A., 

Washington,  7>.  C. 


APPENDIX  H. 

CONSTRICTION  OF  THE   11-INCH  MUZZLE-LOADINO   RIFLE,  CONVERTED 
FROM  A  15-INCH  SMOOTH  BORE  RODMAN  GUN. 

(One  plate.) 

PRELIMINAEY  REMARKS. 

The  conversion  of  this  gun  was  undertaken  in  consequence  of  the  siu* 
cess  which  attended  the  conversion  of  8-inch  inuzzle-loading  rifle  No.  1, 
B.L;  and  the  details  of  construction  and  fabrication  incident  to  this 
latter  gun  were  followed  in  the  11-inch,  modified,  however,  to  the  extent 
demanded  by  the  increased  sizes  of  all  the  parts. 

The  only  important  feature  which  distinguishes  the  11-inch  from  its 
smaller  prototype  (8-inch  B.  I.)  consists  in  the  introduction  of  a  wrouglit- 
iroa  sleeve,  which  unites,  by  means  of  screw-threads  on  it«  inner  an<l 
outer  smfaces,  the  cast-iron  breech-plug  and  the  breech  portion  of  the 
jacket.    (See  plate.) 

It  was  found  impracticable  with  existing  facilities  to  make  the  breech 
portion  of  the  jacket  thick  enough  to  sufi&ciently  overlap  the  bottom  of 
the  tube  and  exterior  of  its  breech  cup ;  but  by  the  introduction  of  the 
wrought-iron  sleeve  this  important  condition  is  practically  secured. 

DESCRIPTION  OF  Gl'N. 

Plate  I  represents  in  section  the  i>rincipal  details,  which  are  as  follows : 
the  original  15-inch  smooth-bore,  bored  out  to  receive  the  Uning;  a 
tubeof  coiled  wrought  iron  (welded),  closed  at  bottom  by  a  wrought  iron 
cup ;  a  hollow  wrought-iron  jacket  shrunk  upon  the  rear  of  the  tube  and 
projecting  in  rear  of  it  to  the  face  of  the  breech ;  the  ca«t-iron  breech- 
plug  and  its  wrought-iron  sleeve;  the  muzzle-collar;  the  securing-pins 
and  the  gas-escape. 

,  It  was  designed  leaving  the  bore  of  the  casing,  for  a  length  of  94.5 
inches  from  the  muzzle,  at  its  original  diameter,  but  the  discover^"  of  an 
tt«entricity  necessitated  its  being  bored  out  to  15.219  inches ;  conse- 
quently for  this  length  the  tube  is  2.1095  inches  thick — its  least  thick- 
ness— while  the  thickness  of  the  tube  and  jacket  over  the  seat  of  the 
charge  is  3.75  inches. 
For  the  purjwse  of  correcting  muzzle-preponderance  tlie  axis  of 

^^e  trunnions  was  moved  0.5  inch  toward  the  muzzle,  by  reducing  ece4?n- 

^rtcally  the  diameter  from  15  to  14  inches. 

RIFLING. 

The  rifling  of  tlie  gun  consists  of  19  lands  and  grooves  : 

Width  of  lands,  0.91215  inch. 

Width  of  grooves,  0.908  inch. 

Twist  uniform,  one  turn  in  60  feet. 

The  rifling  stops  at  a  point  20  inches  ft'om  the  bottom  of  the  bore,  and 
the  diameter  of  the  unrifled  portion  of  the  bore  is  equal  to  that  of  the 
^ed  portion  across  lands. 
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VENTING. 

The  old  veut  was  closed  (tlie  copper  bushing  having  been  removed) 
by  a  wrought-iron  screw-phig,  and  a  new  vent  was  made  at  a  distance 
of  9.5  iiiclies  from  the  bottom  of  the  bore,  and  2.5  inches  to  the  left  of 
the  vertical  plane  through  the  axis  of  the  bore. 

FABRICATION. 

The  tube  was  manufactured  and  work  of  conversion  pertbrmed  at  the 
West  Point  Foundery ;  the  gun  selected  for  the  conversion  was  15-inch 
Rodman  smooth-bore  No.  113,  manufactured  at  the  South  Boston  Found- 
er^ in  18G5. 

Up  to  this  time  no  tube  had  been  made  which  required  the  manip- 
ulation of  iix)n  larger  than  that  used  in  jackets  for  8-inch  tubes ;  and 
the  capacity  of  the  plant  had  to  be,  consequently,  considerably  increased. 

In  addition  to  new  mandrels,  welding-pots,  anvils,  dies,  &;c.,  crane>* 
were  sti*engthened,  furnaces  enlarged,  and  new  a])pliances,  such  as  cross- 
heads  and  rods,  screw  and  head,  butt  staves,  &c.,  made  for  the  press- 
lurnace. 

Important  alterations  were  also  made  in  the  rifling  and  other  machines. 

The  tube  was  made  of  "A^'  quality  Ulster  tube-iron ;  the  jacket  of  '*  B  ^ 
(puility  Ulster  tube-iron ;  and  the  forging  for  breei^h  end  of  jacket  from 
**A"  quality  Ulster  product. 

The  following  results  were  obtained  by  mechanical  testis  of  the  iron 
used. 

The  specimens  of  \\TOUght  iron  were  taken  from  the  b.ir  and  with  the 
fiber. 
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1.  From    3"    >*(|!iare    Imr 

('•A'  quality). 

2.  Fnmi  2". 75  square  bar 

("A'qualit>). 

3.  From    3". 5    hoxa<a:oiial 

bar  ("B"  quality). 

4.  From    .VJ   square   bar 

(••]$■' quality.) 


Cant  iron. 
5.  From  breecli-pluji. 


Inches. 
3.0 

3.0 

3.0 

3.0 


r. 


Inchett.      PoundM.     Pounds,  i  Inchen. 
0.2.>338    48,000.00    24,000.00     0.285 


0.25428   49,000.00    25,000.00 
0.2563     47.278.00    22.750.00 


0.301 
0.2511 


0.20109   49.728.00   25.000.00     0.226 


1.113       30.571.00 


Ktnuarkn. 


For  uiiddle  scctiou  of  tulw. 

For  thi'ee  front  and  two 
rear  .nectioiis  of  tube. 

For  front  »ection  of  jaokf^t, 
mean  of  four  speciiuenH. 

For  rear  eoiled  flectiou  of 
jacket,  mean  of  tM'o  sper- 

inirUH. 


The  tube  wtus  made  of  six  coiled  sc(?tions. 

The  iron  as  received  from  rolling-mill  was  as  follows : 

For  two  rear  sections,  6  bars,  2.75  inches  square,  20  feet  h)ng. 

For  following  (or  middle)  section,  3  bars,  3.00  inches  square,  19  feet 
8  inches  long. 

For  three  forwanl  sections,  9  bars,  2.75  inches  square,  21  feet  4  inches 
long. 

These  bars  were  welded  together  in  sets  of  three  for  each  section. 


For 
For 


For 
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For  tlie  two  rear  sections  the  bars  were  coiled  over  a  9.5-iiicb  mandrel, 
and  subsequently  welded  in  the  following  "  pots  ^: 

«■">-«■  i  K;  Sr  ;  J^  as  }  X  48  inches  Mgh. 

For  the  middle  section  the  bar  was  coil^  over  a  10-inch  mandrel,  and 
welded  in  the  following  *' pots'': 

For  t^t  heat :  {  ^^  SS  1%  SS  I  >< « '"-"■«  "«"• 

For  »e«o„d  Lea. :  {  ^  ^SS  i5f  'SS  I  »  " '"«'-  ''«''• 
For  three  forward  sections  the  bars  w^ere  coiled  over  a  10-inch  mandrel, 
and  welded  in  the  following  "pots": 

For  ^„d  ke.. .  j  i^ij-  -{Ir  £;  18  iS:i !  X " '»«"-  ■"«"■ 

All  of  the  sections  were  then  rough-bored,  faced,  and  prepared  for 
tube-welding  in  the  usual  manner;  the  middle  section  being  turned 
down  for  a  length  of  about  8  inches  on  either  end,  in  order  to  accom- 
modate it  to  the  smaller  diameters  of  the  two  contiguous  sections. 

The  jacket  was  made  in  three  sections ;  the  rear  one  from  a  forged 
iron,  and  the  two  forward  ones  made  of  coiled  wrought  iron,  received 
from  the  rolling-mill,  as  follows: 

For  front  section,  3  bars,  4''  x  3".35,  hexagonal  cross-section,  19  feet 
8  inches  long. 

For  middle  section,  3  bars,  5J"  square,  15  feet  4  inches  long. 

Each  of  these  sets  were  welded  together  to  form  a  single  bar,  and  the 
larger  was  planed  to  the  usual  hexagonal  cross-section. 

For  the  front  section  the  bar  was  coiled  over  a  12J-inch  mandrel,  and 
welded  in  tlie  following  "  pots  " : 

For  «r,.  he.. :  {  ^^  f^^l  1S{  SZ  !  "  ^  -""  ^'^■ 

For  »»oud  he..,  j  ^Ter'  t^  ^  S£  !  "  *«"'*-  "s"- 
For  the  middle  section  the  bar  was  coiled  over  a  93-inch  mandrel,  and 
welded  in  the  following  "  pots  " : 

For  first  heat-  f  ^^P^^  diameter,  21^  inches  )      50inrhes  hiirh 
I'or  nrst  iieat.|Lower  diameter,  21  inches  f  ^  ^"^^^'^^^  ^"^'*" 

For  sfHiond  heat  •  i  ^^^^^^^  diameter,  21|  inches  )      ,g  .     ,       ,  •  , 
l«or  second  neat.  ^  j^ower  diameter,  2l|  inches  ]  ^  *^"^^'*^''^  ^^S^'- 

The  "  cheese"  used  in  each  case  wa«  about  J  incli  smaller  in  diameter 
than  the  iK)t,  and  about  10  inches  in  thickness. 

The  rear,  forged  section  wa«  bored  to  10.5  inches,  and  cut  to  a  length 
of  about  26  inches. 

The  middle  section,  which  was  about  36  inches  long,  was  bored  for  a 
length  of  12  inches  to  a  diameter  of  10.5  inches,  and  for  the  remainder 
of  its  length  to  a  diameter  of  13.5  inches;  for  one-half  of  its  length  it 
was  tum^  down  on  the  exterior  to  a  diameter  of  about  20  inches.  The 
front  section,  about  36  inches  long,  was  bored  to  13.5  inches  diameter. 

After  welding,  the  jacket  was  so  cut  as  to  throw  the  joint  between  tlie 
rear  and  middle  sections  at  a  distance  of  8  inches  from  the  base  of  the 
tube. 

The  tube  was  then  rough-bored  to  11  inches,  fitted  with  a  breech  cup. 
md  turned  down  to  receive  the  jacket. 
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The  jacket  was  bored  to  an  interior  diameter  of  about  .003  inch  less 
than  the  corresponding  diameter  of  the  tube,  rough-turned  to  its  proper 
exterior  dimensions,  and  the  screw-thread  cut  in  its  breech  end  for  the 
wrought-iron  sleeve. 

Both  tube  and  jacket  were  then  proved  with  a  water  pressure  of  180 
pounds  to  the  square  inch. 

The  jacket  was  then  shrunk  upon  the  tube,  which  was  subsequently 
placed  in  the  lathe  and  finished  bored. 

The  casing  had  in  the  mean  time  been  prepared  as  follows :  A  "  piercer '' 
had  been  run  from  the  muzzle  through  the  breech,  and  the  hole  thus 
made  gradually  enlarged  to  the  diameter  of  the  bore. 

The  gun  was  then  reversed  in  the  lathe,  and  bored  out,  for  successive 
lengths,  to  the  required  diameters.  After  the  screw-thread  had  been 
cut  in  the  breech,  and  the  recess  and  threads  cut  for  the  muzzle-collar, 
the  trunnions  were  turned  down.  Careful  measurements  were  then 
made  with  the  star-gauge  of  the  entire  bore,  for  every  inch  of  length 
along  both  horizontal  and  vertical  diameters,  and  the  residts  plotted  on 
paper.  This  served  as  a  guide  to  the  workman,  who  turned  down  the 
tube  in  accordance  with  it.  The  wrought-iron  sleeve  was  then  screwed 
into  the  breech  end  of  the  jacket,  and  secured  there  by  two  small  screw- 
pins.  The  tube  was  then  gradually  inserted  and  screwed  into  place, 
an  operation  which  was  repeated  six  times  before  perfect  contact  of  all 
the  shoulders  was  obtained.  The  cast-iron  breech-plug  was  then  also 
screwed  into  place  and  secured  by  a  pin;  the  muzzle  collar,  vent  biLsh- 
ing,  and  four  securing  pins  inserted,  and  the  gas  channel  bored  through 
the  casing  and  jacket. 

Table  No.  I  shows  the  relative  diameters  of  the  tube  and  jacket,  and 
of  the  bore  of  the  casing. 

INSPECTION. 

Careful  inspections  were  made  of  every  detail  incident  to  the  con- 
struction, and  the  gun,  after  completion,  finally  inspected,  accepted  as 
satisfactory,  and  shipped  to  Sandy  Hook  for  powder-proof. 

Principal  dim^stmons. 
Subject  of  measarement.  I  ^*J^°' 


Total  luuirth  of  inner  tube inches..    165.617 

Len^rth  of  jacket  over  tul>e    do. ...I     59.875 

Interior  diaTneter  of  jacket  over  tube do.... 

Diamet-trr  of  tube  under  jacket do 

Shriukaffe do.... 

Length  of  jacket  in  rear  of  tube , do  — 

Total  length  of  complete  tube do 

Total  Icnj^th  of  bore  of  casing do 

Depth  of  wi'ought-iron  cup  at  Iwttom  of  tube do 

Thickne88  at  bottom  of  wrouxht>iron  cup do.... 

Diameter  of  interior  of  cup  at  top do.... 

Diameter  of  interior  of  cup  at  bottom do 

Diamet4*r  of  finished  tube  from  end  of  screw-thread  to  first  shoulder do 

Diameter  of  Iwre  of  casing  fh>m  end  of  screw-thread  to  first  shoulder do ... . 

CorreHpondine  play do  ... 

Dinmeter  of  finished  tube  from  first  slionlder  to  second  shoulder do....'    18. 485 

Diameter  of  bore  of  cAsiug  ftt»m  first  shoulder  to  second  shoulder do j    18.490 

Corresponding  play do 1        .005 

Diameter  of  flnished  tube  ft'om  second  shoulder  to  thinl  shoulder do 

Diameter  of  Iwre  of  casing  from  second  shoulder  to  third  shoulder do 

Corresponding  play do 

Diamt'ier  of  finished  tube  from  third  shoulder  to  neck do — 

Corresponding  diameter  of  casing do .... 

Corre8]>onding  play do  , . . 

I^^ngth  of  chase  (from  neck  to  third  shoulder) 0   

Length  of  firHt  reinforce  (from  thinl  to  second  shoulder) do 11. 125 

Length  of  second  reinforce  (from  second  to  first  shoulder) ....do 49. 875 


14. 510 
14. 513 
.003 
25.5 
191.117 
189.367 
4.5 
4.0 
8.85 
5.35 
19.482 
19.491 
.009 


15.989 
15.997 

.008 
15. 215 
15.  219 

.004 
87.217 
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Principal  dimensions — Continued. 


Subject  of  measurement. 


Dimen- 
sions. 


of  third  reinforce  (from  first  shoulder  to  screw-thread) ..'. inches. 

of  screw  on  jacket do... 

' screw  on  jacket ,...do... 

^r  of  jacket  across  threads do . . , 

ondiD  g  diameter  of  casing do... 

onding  play : do... 

>r  of  cast-iron  breech-plug  across  threads do . . . 

of  cast-iron  breech-plug de... 

>r  of  wrought-iron  sleeve  for  breech -plug  across  threads do.. 

of  wrought-irtm  sleeve  for  breech-plug do... 

of  neck  of  tube. do... 

of  muzzle  collar do.., 

of  reci'ss  incasing do... 

t  of  tube  over  neck do.. 

diameter  of  muzzle  collax do. . 

ouding  play do . . 

>r  of  muzzle  collar  across  threads do. . 

r  of  reoeMS  in  casing , do . . 

tween  collar  and  casing .' '. do.. 

"sson  collar   ^ do.. 

threail  on  collar .* do.. 

jf  curve  at  bottom  of  bore  of  jacket do. . 

>f  cun'e  at  bottom  of  tube do. . 

•r  of  gas  channel  through  casing  do.. 

f  of  interior  oritice  below  axis  of  bore do.. 

L'  of  exterior  oritice  from  tangent  to  base  of  gun do.. 

of  Iwre  . .   .' do . . 


of  rifled  portion  of  bore do... 

•r  of  bore  across  lands .*. do. . 

'  of  grooves  and  lands do.. 

>f  jcrooves do... 


groo 
'Und 


if  lands do... 

'f  grooves do... 

'rifling,  one  turn  in feet.. 

>r  of  vent inches. 

T  of  vent  bushing do... 

vent  fh)m  bottom  of  bore do... 

vent  from  vertical  plane  through  axis  of  bore  (to  the  left) do... 

T  of  trunnions ..do... 

r  of  securing  pins do... 

>of  first  secunng  pin  from  muzzle  (on  the  left)'. do... 

)of  second  secunng  pin  from  muzzle  (on  the  right) do... 

)  of  third  securing  pin  fh>m  muzzle  (from  above) do... 

^  of  fourth  securing  pin  from  muzzle  (from  below) do... 

I  weight  of  rifle  ..  • • pounds. 

weight  of  gun pounds. 


14.<i0 
19.75 

3.7 
20.3 
20.31 
.01 

6.5 
35.75 
12.3 
25.2 

7.0 

7.0 

7.4 
13.833 
13.843 
.01 
16.75 
16.76 
.01 

1.45 

0.75 

0.62 

0.75 

0.2 

7.0 

12.0 

161.5 

141.5 

11.008 

19 

0.908 

0.912 

0.09 
59.886 

0.2 

1.0 

9.5 

2.5 
14.0 

1.5 
17.5 
36.0 
58.5 
77.00 
54,730 
49, 514 
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APPENDIX  H^ 

CONSTRUCTION  OF  A  3-INCH  BREECH-LOADING  RIFLE. 

(Two  plates.) 

PRELI3IINABY    REMARKS. 

VVitli  a  \iew  of  determining  the  proper  charge  to  be  used  in  guns  of 
tis  cahber  in  sei'vice,  it  was  decided  to  conduct  a  series  of  experiments 
it:h  a  3-inch  rifle  with  varying  charges. 

The  rifle  selected  for  the  experiments  was  altered  into  a  breech-loader 
^  secure  that  unifi  »rmity  in  recording  pressures  which  the  use  of  a  fixed 
r^ssure-plug  assures;  also  for  the  pui^jose  of  affording  an  opportunity 
r  establishing  certain  facts  pertaining  to  the  particular  mode  of  altera- 
■on  employed,  and  to  give  additional  tests  to  the  system  of  construc- 
ion. 

The  pressure-plug  located  (see  plate)  in  the  breech-block,  is  easily 
Amoved  after  each  Are,  thus  siTi)plying  a  recQrd  of  maximum  pressures 
'-t:  the  bottom  of  the  bore. 

DESCRIPTION. 

Plate  I  represents  in  longitudinal  section,  a  3-inch  service  wrought- 
o-on  gun,  cut  off  at  the  breech  to  a  length  of  63.15  inches,  and  bored  from 
the  breech  to  receive  the  steel  breech-receiver,  which  is  united  to  it  by  a 
^rew-thread. 

At  a  distance  of  1.7  inches  in  rear  of  the  wrought-iron  casing,  a  slot 
is  cut  in  the  breech-receiver  for  the  reception  of  the  breech-block. 

Plate  II.  The  steel  breech-block  is  constructed  on  the  sliding-wedge 
system.  The  front  face  is  perpendicular  to  the  axis  of  the  bore,  while 
the  rear  is  inclined  1^  30^.  The  movement  is  regulated  by  two  guides 
In  the  slot,  which  work  in  corresponding  grooves  in  the  block  and  are 
parallel  to  its  rear  sm^face. 

The  front  of  the  block  is  hollowed  out  for  the  reception  of  a  steel 
Rodman  pressure-plug.  The  face  of  the  plug  performs  the  functions  of 
an  obturator-plate. 

The  phig  differs  from  the  ordinary  Rodman  construction  in  the  use  of 
rectangular  shaped  copper  pieces,  instead  of  the  disks  commonly  used ; 
also  by  the  plug  being  opened  and  closed  by  a  screw-nut  at  the  bottom 
instead  of  at  the  top. 

The  only  mechanism  connected  with  the  breech-block  is  the  locking- 
jcrew,  which  is  placed  in  a  cylindrical  recess  at  the  rear  of  the  block, 
md  locks,  when  the  block  is  in  position,  into  a  female  thread  cut  in  the 
rear  face  of  the  slot  in  the  breech -receiver.  Two  of  the  three  threads  of 
the  locking-screw  are  partially  sheared  off,  in  order  to  allow  the  connec- 
tion between  the  screw  and  the  l>reech-receiver  to  be  made  or  broken 
luring  the  manipulation  of  the  breech  block. 

In  other  respects  the  breech-block  is  worked  by  hand,  the  wrench  of 
the  locking-screw  serving  as  a  handle  in  withdrawing  or  inserting  the 
block. 

As  an  examination  must  be  made  of  the  pressure-plug  after  each  dis- 
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charge,  no  chain  or  other  attachment  is  used  for  limiting  the  out^ 
movement  of  the  block. 

The  gas-checks  used  are  the  ordinary  Broadwell  rings  and  the 
pound  steel  and  copper  checks. 

RIFLING,  CHAMBERING,  AND  VENTING. 

The  rifling  of  the  gun  is  not  altered,  the  original  grooves  being  sii 
continued  along  the  bore  of  the  steel  breech-receiver. 

Number  of  grooves  and  lauds 7 

Width  of  lands 0..5 

Width  of  grooves  .., 0.846 

Dei>th  of  grooves 0. 075 

Twist  uuifonu,  oue  turn  iu  40  calibers. 

The  chamber  is  7.S5  inches  long  and  3.15  inches  in  diameter, 
lands  are  connected  Avith  the  chamber  by  a  bevel  of  1.1  inches.    At 
rear  the  chamber  is  enlarged  to  form  a  recess  for  the  gas-check. 

The  vent  is  in  a  vertical  plane  passing  through  the  axis,  and  is  i 
distance  of  1.3  inches  from  the  bottom  of  the  bore. 

FABRICATION. 

The  gun  selected  for  this  conversion  was  3-inch  wrought-iron  rifle 
914,  and  the  work  was  performed  at  the  West  Point  Foundery. 

The  breech-block  and  breech-receiver  were  made  of  MidVale  s 
The  latter  ingot  was  rough  turned  and  bored,  and  sent  back  to  the  ■ 
vale  Works  to  be  temi)ered  in  oil. 

Si>ecimens  were  tested  from  both  ingots  (before  tempering)  with 
following  results : 


Specimen. 


V 


1. 

2. 


a 

Hi 


Poundt. 
67,583 
71,079 


Breech-rec 
Breech-blo 


The  original  gun  was  first  cut  off  at  the  breech,  bored  out,  and 
screw-thread  cut  for  the  reception  of  the  breech-receiver,  which  was 
pared  for  insertion  by  boring  and  cutting  the  plus  thread  on  its  forv 
•end. 

The  breech-receiver  was  then  screwed  into  the  casing,  and  seci 
there  by  a  small  steel  pin  inserted  at  the  joint.  It  was  then  finis! 
bored,  chambered,  and  rifled. 

The  slot  for  the  breech-block  was  then  cut  out  in  the  slotting  macli 
and  finished  by  hand  with  the  file;  and  the  different  parts  of  thebn 
mechanism,  including  the  seat  for  the  pressure-plug,  were  completed 
fitted  and  united. 

INSPECTION. 

The  usual  inspections  were  made  of  every  detail  incident  to  the  < 
struction,  and  the  rifle,  after  completion,  accepted  as  satis&ctory, 
^shipped  to  Sandy  Hook  for  iK)wder-proof. 
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Principal  dimensions. 


Subject  of  measarement. 


Dimen- 
sions. 


Total  length  of  con  verte<l  rifle inches..  72.0 

IHam^ter  of  bore  across  lauds do 3.0 

DfauiMrter  of  chamber do 3.15 

I>yunet«T  of  prolongation  of  bore  through  breech-block  do 3.25 

Diametesr  of  prolongation  of  bore  in  rear  of  l)reech-block do. .. .  3. 25 

Length  of  prolongation  of  bore  in  rear  of  breech-block do 3. 9 

I>nifth  of  oreech-receiver  in  rear  of  casing do...  9.  5 

Tot^  length  of  breech-receiver do 24.938 

Diameter  of  breech-receiver  over  threads do 0.  2 

Lcnrth  of  screw  part  of  breech -receiver do....  9.0 

?it<^  of  thread  on  breech-receiver do 1.  5 

Unglh  of  Iwre do...  64.  8 

Length  of  chamber do 7.  85 

Length  of  breech-bl(H"k do 10.  6 

Vidth  of  breech-block do....  4.24 

Thickne»»  of  breech-block  through  center do 3.  8 

TVidth  of  Hlot  for  biH^ech-block  (  "Jtfi^S'n^ ^^•-•-  *' ^ 

^minimum do...  o.  o 

Length  of  rifled  portion  of  bore do. . . .  57. 15 

Xumlier  of  {rro<jve8 do 7.  0 

Wklth  of  land s do 0.  5 

Width  of  sntwves do...  0.846 

IVpih  of  gnm  ves do 0. 075 

Pitch  of  rifling,  one  turn  in feet..  10 

Vciuht  of  bnechblock pounds. .  36 

WMjjht  of  rifle : do 844 

Preponderance do 102.75 
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APPENDIX  W. 

COXSTRUCTION  OF  A  3.16-INCH  MUZZLE-LOADING  RIFLE,  CHAMBERED. 

(One  plate.) 

PRELII^IINARY  REMARKS. 

This  giiii  was  desig^ned  with  the  view  of  furnishing  the  means  of  a 
Tompl  and  inexpensive  investigation  of  the  advantages  of  the  employ- 
en  t  of  a  powder-chamber  larger  than  the  bore,  and  of  increasing  the 
len^Xtli  of  the  latter.  The  application  of  these  principles  to  a  larger  cali- 
bei*  would  have  been  more  satisfactory,  but  it  would  have  involved  a 
dela\'  which  the  importance  of  the  subject  made  it  desirable  should  not 
oc(  ur. 

The  attention  of  the  department  wa«  invited  to  the  subject  of  cham- 
bere<l  rifles  in  "Ordnance  Notes''  No.  105,  and  the  principles  and  prob- 
iil)le  results  discussed  in  that  paper  in  reference  to  a  proposed  4.5-inch 
\  breech-loading  rifle. 

The  same  general  features  then  recommended  regarding  the  details  of 
I  the  chamber  and  length  of  bore,  attain  in  the  altered  3.16-inch  rifle. 

The  tore,  it  will  be  seen,  is  30  calibers  long,  and  the  chamber  has  a 
lengtli  of  15.04  inches  and  a  diameter  of  4.13  inches,  and  a  total  capacity 
of  (>.04  pounds  of  powder. 

The  capacity  of  the  chamber  by  volume  is  186  cubic  inches,  and  allow- 
ing, say,  33  cubic  inches  per  pound  of  powder,  it  can  accommodate  5.63 
pKmnds.  The  charge  was  intended  to  vary  from  5  pounds  5  ounces  to 
5  i)ounds  13  ounces,  with  a  projectile  varying  in  weight  from  10.5  pounds 
to  12.5  i)ounds. 

The  above-mentioned  charges  cover  cases  varying  in  the  employment 
of  from  35  to  32  cubic  inches  of  spaee  per  pound  of  powder  in  the  cham- 

The  calculated  initial  velocity  was  about  2,000  feet ;  and  the  estimated 
pre.s.sure  not  to  exceed,  say,  32,000  pounds  per  square  inch. 

DESCRIPTION. 

Plate  I  represents  a  longitudinal  section  through  the  axis  of  the  trun- 
nions, showing  the  principal  details  of  the  flnished  rifle,  which  are  as 
follows :  V 

The  original  3-inch  rifle,  bored  to  3.16  inches,  and  chambered  for  a 
length  of  15.04  inches  from  bottom  of  bore.  * 

Additional  piece  screwed  to  muzzle  end  of  rifle,  by  which  the  bore  is 
intmised  in  length  from  65  inches  to  90  inches. 

Reinforcing  band,  shrunk  on  body  of  gun  over  chamber  to  increase  the 
tangential  strength  and  correct  the  muzzle  preponderance  of  the  altered 
rirte. 

RIFLING. 

The  rifling  consists  of  seven  lands  and  grooves. 

Inch. 

Width  of  jrrooves 0.845 

Wiilth  of  lauds    0.5754 

D^t>th  of  ;;ro<>ves • • 0.075 

Twist  uaiiorni,  one  turn  in  10  feet. 
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Thrt  '>A  T*fzr.  wafc»  tr'yj*^!  zbi^  ^<"r«tr  bcL^i-i-jr  kaTin^  been  removed) 
Vr  a  ^T^^^t-iprjQ  ^<T*''»'-f-^"T3-  *£•!  *  2i^^«"  «ae  "^A:*  bored  in  a  vertical 
yjkiiff'  zi^rf^izh  Tb-»-  an*  »'A  Uae  '"•:c^  jz#i  ^  a  d>^Aiiee  of  6  inches  from 

Th^  arrn  "Siektrr^fii  f^c  tLt-  Al'r^An-  c*  Tm^s^  o-ir.-.  "a  "«~nxioiit-iron  rifle  ^o. 
^».  ai.-*!  th-r  w*>ri;:  iri.*  y-^  •rn'^i  i:  :br  Wr>c  P«xtiI  Foandery. 

Tbf-  i^^m^'iT^riZ  '^«a2>i  a^i  iikiixrjr-T-r*^  i-<  iixT*-i>in|r  the  len^h  of 
V^rf-  "■"<^T»-  'r»>tb  mA*\^  *>*  I1<rr  i:^*:i.  —f  ihrr  -.^-ilirr  a^^  in  the  eonstrnc- 
ri->n  of  ra>#^  f«>r  ^ir.*  h  ^»-!i^^^T<riii  nfrs.  Tli^  road  was  made  from  a 
fy^A*^\  ^•^-T.^m  dr-ii.T!^!  iv»r  ••o*  «:»f  ii>e^  ml^^t^w  and  the  inuzzle-i>iei*e 
lor.'M  tr»>m  *<TSip  ir*»»5- 

Th*^  smn  wa.'i  r»»^rii  V«fvii  'J^l^,  i^iitly  i.t  reiii«'»ve  all  trace  of  the 
ori^jiA]  ntiitz.  arM  -w^-ak^  iL^rn  « L-ir^'*-i>^L  F^c  th:<  jmrjiose  a  U»ol  wa« 
n.w-»l  '•imil^r  t*x  aL-d  w<>rkiiij  «:»a  ih^  sisie  priDci}»ltr  asw  the  ordinary' 

The  ehaml"*^  wa*  f  r«*T  l»neiL  The  eni  e»-?iim^!>r  in^  at  the  bottom  of 
the  f *^»re,  Tbf  t>  lily  of  ti^  <mi  w^-i  tb*-n  uirDr-.i  .]*  .wn  over  the  chamber, 
and  for  a  If-n^nh  of  19  ii><-ht?<  t«^  a  «iiaai*rteT  «»f  '*^«»7  inches,  and  the  jnm 
•mbjected  to  a  water-pi>»f  of  i*»"»  pi>an<l>  t»»  the  j-^a^ire  inch.  The  muz- 
zle wa*  then  tiime«l  dom-n  and  a  ?<-n-w  thnead  cni  for  the  reception  of 
the  mozzle-piece,  which  had  in  the  mean  tiioebeen  n>n<rh-tnni€*l,  ixm^h- 
bored*  and  prepiared  for  limng.  An»-r  the  muzzle-piece  had  l>een 
screwed  into  place,  two  ?anall  pins  I  inch  k»ng  and  0J5  inch  diameter 
were  in.^rted  at  the  .K>int  from  either  side.  an<i  the  gun  was  then  tin- 
i.^hed«  bored,  and  rifled. 

The  reinforcing  band  was  then  shrank  on  shrinkage  0.W7  inch),  and 
the  wiginal  vent  having  been  pr^vioasly  cl<>ed,  a  new  vent  was  bored 
through  the  reinforcing  band. 

nfSPKcnox. 

The  nsoal  insfiections  were  made  of  every  detail  incident  to  the  eon- 
jitniction,  and  the  rifle,  after  completion,  finally  inspected,  accepted  as 
satisfactory,  and  shipped  to  Sandy  Hook  for  powder-proof. 

SabK<x  of  m^xmxmaxX.  I>ira«ii- 

a - 

• 

I/:»Tfj*'r'T  (>i  y^rr*-  xcr**^*  lai>d« ..inches  3  162 

I>'ii/'*j  <»f  r*:Tjf'»r*  ui'  tmni <io 19.  (Hi 

Ixit^-j.'.r  '].>ii7.f\*  T  oi  r*  jijf'^tn  ii^::  Viand d<»  ..  S-9 

I/iiin,'  ?»-T  t't  rifl*-  aii«l»-r  muUnxmsi  itaad _ do ?.  ^C 

Sf.:.:/fc .<.•*- do  ..  .<»07 

I>^;.'th  '>1  "v>rf ... do  . .  ^*  Hi 

I>iisr»^i  '>1  '  Ji*Tn^»*-T    iiK lading  fiUft«» do. .. .  !,'».  (M 

I/j^uj^-t^t  "i  '  '.-»T!)t»r .<lo 4.  13 

JhAtii^'*i  f'f  f^»T>-  ;iT  iN.TT<»m  of  chamber ..... do  ...  .'{  •»*• 

I>ij»,'t»i  i.f  iiri/iW  ]n**'4: do   ..  3»t  2*> 

W.  ..•t  i,f  r,.i. poaods  1.  IV^ 

yxfl»'ni<\*-rHJit*' do. . .  6<x  7 j 
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APPENDIX  R\ 
CONSTRUCTION   OF  A  3.17.INCH  MUZZLE-LOADING  RIFLE,  RAPID  TWIST. 

PRELIMINARY  REMARKS. 

The  fact  that  the  use  of  a  shorter  twist  than  now  attains  in  onr  rifle 
giiDs  woukl  enable  us  to  successfully  use  longer  projectiles  (expanding 
system)  than  the  present  rifling  permits,  has  long  been  recognized  by 
the  Jrdnance  Board,  and  the  subject  has  only  been  delayed  by  the 
pressure  of  other  important  experiments. 

As  a  preliminary  and  inexpensive  experiment  could  be  made  by  a 
change  of  twist  in  the  3-inch  service  rifle,  and  as  the  change  would  prob- 
ably enable  us  by  trial  to  secure  reliable  information  on  the  subject  of 
''shortening  our  twist''  in  our  heavier  guns,  a  gun  of  this  caliber  was 
altered  in  accordance  with  the  details  given  oelow. 

DESCRIPTION. 

The  alteration  consisted  only  in  boring  out  the  lands  of  the  original 
rifling  for  the  puqjose  of  cutting  in  the  bore  a  larger  number  of  grooves 
with  a  greater  twist. 

ORIGINAL  RIFLING. 

Number  of  lands  aud  grooves ^ 7 

Width  of  lands 0.5  inch. 

Width  of  grooves 0. 846  inch. 

Depth  of  grooves 0. 075  inch. 

Twist,  uniform ;  one  tnrn  in  40  calibers. 

ALTERED  RIFLING. 

Number  of  lands  and  grooves : 13 

W^idth  of  lauds 0.316  inch. 

Wi<lth  of  groove.9 0.  450#inch. 

Depth  of  gn»ove8 0. 075  inch. 

Twist,  nnifonn ;  one  turn  in  *24  calibers. 

The  rifling  stops  at  a  distance  of  4  inches  from  the  bottom  of  the  bore. 

FABRICATION. 

The  gun  selected  for  this  alteration  was  3-inch  wrought-iron  rifle  No. 
520,  aiul  the  work  was  performed  at  the  West  Point  Foundery. 

The  gun  was  placed  in  the  bed  and  rough-bored  till  all  traces  of  the 
original  rifling  had  been  removed;  it  was  then  flue-bored  and  rifled. 

INSPECTION. 

The  bore  was  star-gauged  and  the  details  of  rifling  verified  by  meas- 
urements. 

The  rifle  was  then  accepted  and  shipped  to  Sandy  Hook. 
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APPENDIX  H*. 

GAS-CHECKS  FOR  BREECH-LOADIXG  RIFLES. 

(One  plate.) 

(Composed  of  a  soft  and  extensible  material  united  to  a  base  made 
of  a  bard  and  elastic  material.) 

In  experiments  witb  tbe  8-iueb  breeobloadiu^  ritie,  both  copper  and 
steel  gas-cbecks  wei^  used.  Tbe  former  proved  tbe  better  gas-cbecks, 
but  at  times  stuck  to  tbe  face  of  tbe  bi^eeeb-block  after  tirin^^  to  sncb 
extent  as  to  make  it  difficult  to  withdraw  tbe  block.  A\^itb  tbe  steel 
gas-cbeck,  however,  no  difficulty  was  found  in  withdrawing  tbe  block 
after  tiring,  though  there  was  at  times  a  slight  escape  of  gas. 

To  ixMnedy  the  defective  operation  of  tbe  checks  constructed  of  a  sin- 
gle metal  (either  copper  or  steel  or  other  metals),  a  gas-check  was  de- 
signed and  made  of  steel  and  copper  combineil,  thus  insuring  in  tbe 
ring  the  hardness  and  elasticity  of  steel  at  the  bavse  witb  the  compress- 
ibility and  extensibility  of  the  copper  part  in  contact  witb  tlie  walls  of 
tbe  gas-ring  seat.  This  construction  secui^es  through  the  extensible  cojv 
per  a  perfect  and  close  check  at  tbe  sides  of  tbe  seat  in  the  chamber  of 
tbe  gun,  while  at  tbe  same  time,  tbe  check  having  it^  base  of  banl  and 
unyielding  steel,  any  binding  or  sticking  of  the  bi^eecb  fermeture  in 
opening  the  breech  is  prevented. 

Tbe  mode  of  construction  of  an  Sinch  gas-check  is  as  follows : 

Two  boles  are  punched,  neai*  either  end,  through  a  steel  bar  about 
14  inches  long,  2J  inches  wide,  and  J  inch  thick.  The  bar  is  then  slit 
witb  a  chisel  l>etween  these  two  boles,  and  tbe  slit  first  enlarged  by  a 
mandrel,  and  finally  formed  into  a  circle  on  tbe  anvil.  It  is  then  placed 
in  tbe  lathe,  its  bearing  surface  with  tbe  copper  finished,  and  only 
sufficient  excess  of  metal  left  elsewhere  to  allow  subseiiuent  slight  cor- 
I'ections. 

The  steel  sabot  is  then  carefully  heated  over  a  slow  charcoal  fire  un- 
til it  attains  a  dull  red  heat,  and  is  then  immei-seil  in  a  bath  of  rape 
oil  and  left  to  cool. 

A  2incb  round  copper  bar,  14  inches  long,  is  tlien  similarly  sbai>ed 
into  a  ring;  then  placed  in  tbe  lathe,  its  face  and  shoulder  wbicb  bear 
against  the  steel  sabot  finished,  and  its  interior  diameter  roughly 
shaped.  Two  modes  of  assembling  the  two  parts  have  been  suc<?ess- 
fully  employed. 

By  the  first,  the  copper  ring  is  simply  laid  in  its  place  uinm  tbe  steel 
sabot,  and  both  then  jdaced  on  a  loosely  fitting  mandreL  The  workman 
then  gently  hammers  the  copper  ring  on  the  outside,  slightly  turning^ 
both  rings  after  each  blow,  and  so  gradually  crowds  the  copper  into  tbe 
recess  of  the  steel  sabot. 

By  tbe  other  and  pi^eferred  mode  of  assembling,  the  copi)er  ring  is 
screwed  to  its  steel  sabot,  as  shown  in  plate. 

After  assembling,  the  rings  are  placed  in  tbe  lathe,  tbe  interior  di- 
ameter first  secured,  and  tbe  gas-check  then  otherwise  finished. 


■■ 


IMPROVED    CAS-CHCCK. 

(C9r*^bina,t^oft    at  Copper  artA  9teel) 
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APPENDIX  H5. 


ALTERATIONS  IN  12-INCH  RIFLE  CARRIAGE. 


(One  plate.) 

These  alterations  have  been  made,  from  tune  to  time,  during  the  pres- 
ent year,  as  experience  proved  their  necessity,  and  are  as  follows: 

1st.  The  most  im]H)rtaut  was  made  in  the  chassis,  in  connection  with 
the  traversing  arrangement.  The  operation  of  throwing  the  large  eccen- 
tric-wheels in  gear  by  means  only  of  the  ratchet-wheel  and  lever  proved 
more  laborious  than  was  anticii)ated.  As  a  remedy,  a  30-ton  hydraulic 
jack  is  now  suspended  between  the  eccentric- wheels  in  the  following 
manner:  An  iron  plate  is  attached  by  two  arms  to  the  chassis,  with 
sj»aoe  enough  between  it  and  the  chassis  to  contain  a  hea\y  rubber  spring, 
(in  the  under  side  of  this  plate  rests  the  head  of  the  jack,  which  is  sup- 
|M)rte«l  a  short  distance  above  the  platform  by  an  iron  strap,  wiiich,  pass- 
in*^  over  the  rubber  spring,  is  attached  to  the  cylinder  of  the  jack  on 
eitiier  side.  When  the  jack  is  released,  after  the  chassis  is  in  gear, 
the  spring  raises  it  off  the  platform. 

ii<l.  Worm  gear  has  been  added  to  increase  the  power  of  the  rack  and 
pinion  movement  first  used  for  traversing. 

^^1.  The  power  of  the  worm-gear  used  for  throwing  the  rear  eccentric- 
wheels  of  the  top  carriage  in  gear  has  also  been  increased. 

4th.  The  maneuvering  drums  used  in  drill  for  running  the  gun  "firom 
battery"  have  been  increased  in  width. 

5th.  The  levers  of  the  movable  couplings  have  now  an  attachment 
fnr  seeming  them  to  the  side  of  the  chassis.  It  was  found  that  without 
tliem  the  jar  upon  the  levers,  after  firing,  was  sometimes  sufficient  to 
throw  the  coupling  out  of  gear. 
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APPENDIX  W. 

PROPOSED  CHAMBERED  RIFLE,  4.50-INCH  CALIBER. 

f  (Four  plates.) 

February  24, 1879. 

1  have  the  honor  to  inclose  herewith  a  description  of  a  proposed  breech- 
loadiug  4^-inch  chambered  rifle,  accompanied  by  the  necessary  drawings 
showing  fhe  details  of  the  construction. 

As  it  is  deemed  important  that  the  subject  of  chambering  guns  should 
be  investigated  at  an  early  date,  the  inclosed  plans  and  data  regarding 
them  are  submitted  for  the  consideration  and  action  of  the  department. 
The  cost,  it  is  approximately  estimated,  will  not  exceed,  say,  two  thou- 
sand dollars. 

As  a  fact  of  some  interest  in  connection  with  the  subject  of  employing 
airspaces  with  powder  charges,  or  the  introduction  of  powder  chambers 
larger  than  the  bore  of  the  gun,  the  attention  of  the  department  is  invited 
to  the  following  extract,  taken  from  a  paper  obtained  from  the  Confed- 
erate archives  at  Eichmond,  Va.,  dated  1864: 

A  7-inch  gun  was  loaded  with  a  full  charge  of  powder,  made  up  in  a  cartridge  only 
6  ipches  in  diame^r,  and  so  supported  in  the  bore  that  a  stratum  of  air  half-inch  in 
thickness  remained  between  the  cartridge  and  the  walls  of  the  chase.  The  shot  was 
in  immediate  contact  with  the  powder.  The  result  of  the  experiment  was  that,  while 
the  shot  retained  its  full  initial  velocity,  the  strain  on  the  gun  was  reduced  nearly  one- 
hall  The  stratum  of  air  between  the  cartridge  and  the  surface  of  the  charge  evidently 
wted  the  part  of  a  cushion  or  spring,  absorbing  a  greater  portion  of  the  Initial  strain 
in  it«  compression,  the  wave  of  transmitted  force  being  unable  to  pass  through  it  with 
efficient  velocity  to  affect  the  gun  materially. 

In  conclasion,  I  may  state  that  the  subject  of  the  proper  kind  of  pow- 
ders, the  size  of  grain,  and  densities  for  4i-inch  siege  rifles,  chambered 
dnd  anchambered,  is  now  ander  advisement  and  some  samples  in  course 
of  fabrication. 


Ap^il  29, 1879. 

Eeferring  to  my  communication  of  February  24,  1879,  submitting  a 
description  and  drawings  of  a  proposed  4^-inch  breech-loading  chambered 
rifle,  I  have  now  to  inform  you  that  I  have  prepared  a  modified  plan  of 
construction  for  this  gun,  involving  some  new  features  in  the  mode  of 
construction,  and  some  changes  in  dimensions.  This  modified  plan  is 
herewith  submitted  (marked  Plate  IV)  for  consideration,  in  connection 
with  the  originals  referred  to  above. 

Beferring  to  Plate  I,  accompanying  my  letter  of  February  24,  it  will 
be  seen  that  a  coiled  wrought-iron  tube  affords  the  bore-surfaces  for  some 
distance  in  that  construction.  This  feature,  on  further  consideration,  it 
is  thought,  in  a  gun  of  so  small  a  caliber,  can  be  dispensed  with:  and  as 
its  absence  will  enable  us  to  increase  the  diameter  of  the  chamber  and 
thus  reduce  its  length — the  thickness  of  the  wrought-iron  walls  prevent- 
ing any  change  in  this  direction — an  additional  length  of  bore  beyond 
the  chamber  can  be  secured. 

A  reference  to  the  legend  (Plate  IV)  will  show  the  changes  in  the 
dimensions  of  the  chamber,  resulting  from  the  absence  of  the  coiled 
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wrought-iron  liniDg  tube.    In  large  constructions,  of  course, 
ness  of  walls  of  the  wrought-iron  lining  will  afford  all  the  latiti 
sary  for  the  diametrical  dimensions  of  the  chamber. 

It  will  be  observed  that  in  the  proposed  construction — w 
altogether — the  steel  breech-receiver  is  lengthened  so  as  to  rep 
the  coiled  wrought^iron  lining  contemplate  in  plan  shown  oi 
The  other  features  of  the  construction  remain  the  same  as  are 
Plate  I. 

The  legends  give  all  the  necessary  information  q^  to  dimensioi 
velocity,  ix)wer,  &c,,  of  the  proposed  construction. 

DESCRIPTION. 

The  highly  satisfactory  results  which  have  attended  the  ex] 
made  by  Sir  William  Armstrong  in  the  a|>plications  of  cham 
inch  and  8-inch  rifles  have  led  to  the  consideration  of  the  8ubj< 
copstruction  of  an  experimental  gun  enibod\ing  this  feature,  w; 
to  a  series  of  tests  which  shall  enable  us  to  form  accurate  cone 
to  the  value  of  the  idea  of  chambering ;  and  also  affortls  suffic 
to  enable  us  to  undertake  its  application,  if  successful,  to  gum 
calibers  for  seige  and  seacoast  armament. 

With  a  view  to  economy — the  cainicities  of  existing  i>lants  f( 
tion,  and  the  securement  of  the  gun  at  an  early  date — it  has  bee 
to  recommend  a  4J-inch  siege-rifle,  and  to  make  it  a  breech-loa* 
the  round  wedge /erm^^ure. 

The  introduction  of  the  latter  feature,  it  is  thought^  will  secu 
l>erfect  application  of  the  principles  proi>oseil  to  be  investiga 
greater  facilities  for  moditicatious  and  alterations  if  found  net 
deemed  desirable,  while  further  developing  the  question  of  th" 
breech-loading  constructions  and  systems. 

The  general  featiu^s  are  a  east-iron  Ixxly  lincil  partly  by  a 
iron  tul>e,  and  having  a  steel  bret^ch-i-eeei  ver  inserted  at  the  reai 
to  the  cast-iron  bo<ly,  and  protruding  sufliciently  to  the  rear 
modate  the  nnmd  wedge/erw^f«;y.  The  cast-iron  boily  is, /ret 
single  series  of  steel  rings  from  its  rear  end  to  a  short  distanc 
of  the  trunnions. 

The  trunnion-ring  is  a  l)and  of  steel  cast  and  forged  solid,  an< 
out  and  reduced  to  the  proi>er  dimensions.  It  is  intended  to  1 
on  under  onlinary  tension,  the  cast-iron  being  recessed  for  the  pi 
bisected  ring  (shown  in  section  in  drawing)  finds  place  in  fti 
first /ref/€  in  front  of  the  trunnions,  and,  fitting  into  a  recess  oi 
iron  body,  gives  additional  security  lor  preventing  a  forward  i 
of  the  trunnion-band. 

The  steel  jacket  breech-receiver  is  shrunk  on  the  wrought- 
and  the  two  so  united  inseited  into  the  cast-iron  bo<ly  under  s 
the  mode  of  construction  in  this  regard  being  identical  with  tha 
in  the  fabrication  of  the  8-inch  breech-loading  rifle  recently  mj 
South  Boston  foundery. 

A  steel  ring  is  superimposed  on  the  two  Tearfrettes,  to  give  i 
strength  as  well  as  finish  to  the  system. 

The  steel /ref to,  it  is  intended,  shall  be  put  on  under  shrink 
the  simple  manner  of  the  shrinkage  of  tires  on  ordinary  wheels; 
being  raised  to  a  black  heat,  and  when  placed  in  position  on 
iron  body  cooled  by  converging  jets  of  water  emanating  fron 
collar  ])laced  externally  over  and  concentrically  with  each /reft 
ihe  thickness  of  wall  at  the  chamber  is  over  1:^  calibers,  and  i 


REPORT  OF  THE  CHIEF  OF  ORDNANCE.  79 

sufficieutly  strong  tangentially,  constructed  as  it  is  of  wrought  iron,  steel 
and  cast  iron. 

It  is  deemed  important  to  keep  up  the  tangential  strength  of  the  sys- 
tem to  a  considerable  distance  bejond  the  seat  of  the  charge,  as  the  cir- 
cumstances of  inflammation  and  subsequent  combustion  of  it  (large  in 
wei^'ht)  would  seem  to  demand  a  considerable  length  of  bore  of  the 
maximum  strength,  as  pressures  approximating  to  the  maximum  must 
attain  longer  than  in  ordinary  cases ;  or,  to  illustrate  otherwise,  the  curve 
of  pressure  must  be  relatively  much  flatter  than  that  attaining  in  the  use 
of  a  common  charge.    Also,  it  is  believed  that  the  a<!tion,  in  the  case  of 
the  employment  of  chambers  with  large  charges  of  powder,  results,  at 
tbe  time  of  the  initial  inflammation  of  the  charge,  in  the  development  of 
a  powder-gas  comparatively  low  in  pressures,  owing  to  the  space  above, 
but  sutticient,  however,  with  the  compressed  air,  to  start  the  projectile 
with  a  low  velocity ;  and  that  when  the  maximum  pressures  attain,  the 
volume  of  the  bore  between  the  burning  powder  andprojectile  is  relatively 
greater  than  under  ordinary  circumstances,  and  that  the  phenomena 
of  a  rapidly  augmenting  gas  evolution,  giving  increased  power,  ensues, 
but,  owing  to  the  rapidly  increasing  velocity  of  the  projectile  increasing 
rapidly  the  bore-si)aces  between  the  burning  powder  and  the  shot,  the 
resulting  pressures  decline  (jradHally  from  the'  maximum  (not  usually 
dangerous),  and  hence  with  long  bores  the  capability  of  thorough  con- 
sumption of  large  charges  with  moderate  pressures  resulting,  and  with 
high  initial  velocities,  are  within  our  reach.    It  is,  therefore,  surmised 
that  the  practical  points  sought  to  be  gained  by  the  multicharge  gun- 
system  of  Lyman  are  probably  secured  by  the  introduction  of  a  chamber 
larger  than  the  bore,  and  in  the  simplest  and  most  i)ractical  form. 

The  details  of  the  Armstrong  8-inch  rifle  show  a  chamber  of  the  same 
form  a^  that  proi)Osed  in  this  case.  The  length  is  4.78  calibers,  and  the 
diameter  of  the  cylindrical  part  is  10.5  inches.  The  charge  is  95  pounds, 
and  weight  of  projectile  180  pounds.  The  calculation  is  to  secure  32.5 
cubic  inches  of  space  to  every  pound  of  powder,  and  the  dimensions  of 
the  chamber  have  b^en  determined  accordingly. 

A  length  of  bore  (proper)  of  21.22  calibers  it  is  intended  shall  insure 
a  volume  which  will  practically  utilize  the  entire  charge,  and  give  the 
maximum  velocity  i)ractically  attainable. 

From  analogy,  using  the  al)ove  details,  the  features  of  the  chamber 
and  length  of  bore  in  the  proposed  4.^-inch  rifle  have  been  deduced.  The 
weight  of  charge  in  lx)th  cases  is  about  one-half  the  weight  of  the  pro- 
jectile, and  the  dimensions  of  the  chamber  of  the  4i-inch  regulated  to 
give  a  space  of  32.5  cubic  inches  to  each  pound  of  a  charge  of  17  pounds. 
(See  Plate  I.) 

In  order  to  insure  the  maximum  velocity  presumed  to  be  practically 
attainable,  the  gun  has  been  given  a  length  of  30  calibers  instead  of  26, 
as  used  by  Sir  William  Armstrong. 

In  this  connection  reference  may  be  had  to  the  results  recently  attained 
at  Sandy  Hook,  in  the  employment  of  comparatively  high  charges  of 
exi)erimental  powders  used  in  the  standard  Jr^-inch  rifle.  The  ordinary 
charge  of  3J  pounds  of  powder  of  a  granulation  of  1,550  grains  per  pound 
and  density  of  1.755  gives  a  mean  average  of,  say,  1,300  feet  initial 
velocity,  with  a  mean  pressure  of  23,(K)0  pounds ;  while  a  smaller  grained 
powder,  3,038  grains  per  pound,  but  greater  in  density  (1.778),  using 
7pound  charges,  gives  a  mean  velocity  of,  say,  1,578  feet,  and  a  pressure 
of,  say,  27,500  pounds.  In  both  cases  the  projectile  weighs  25  pounds. 
It  is  evident  from  this  record  that  the  kinds  of  powders  employed 
will  constitute  important  factors  in  the  results,  and  that  proper  powders, 
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used  with  sufficient  length  of  bore  (even  without  the  use  of  chambers), 
will  largely  contribute  to  success  in  the  attainment  of  comparatirely 
high  velocities^  attended  with  reasonable  and  safe  pressures. 

Attention  is  invited  to  the  accompanjring  table,  prepared  by  Lieot 
Oharles  S.  Smithy  comparing  the  dimensions  of  the  Armstrong  muzzle- 
loading  S-inch  chamtnered  rifle  with  the  proposed  dimensions  for  the 
propo^d  4J-inch  siege  rifle. 

The  accompanying  plates  show  the  gun  in  longitudinal  section  and  in 
elevation.  Plate  III  shows  a  mollification  by  turning  down  the  chase 
to  diminish  the  weight.  This  latter  element  is  beyond  what  is  desir- 
able ;  but  it  is  not  seen  that  it  can  be  judiciously  reduced,  especially 
in  an  experimental  rifle,  without  incurring  some  possible  risk  as  to 
strength  for  all  the  purposes  for  which  it  may  be  deemed  necessary  to 
use  it.  # 

Eeference  may  be  here  made  to  the  fact  that  a  study  was  made  of 
our  present  li-inch  cast-iron  siege  rifle,  with  a  view  of  chambering  it 
for  the  proposecl  tests ;  but  a  careful  examination  showeti  that  it  would 
probably  be  too  light,  and  that  the  diflerence  between  cost  of  alteration 
and  a  new  gun  would  not  be  suflieient  to  justify  the  utilization  of  a  gun 
not  fully  meeting  the  requirements  of  the  situation. 
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1 1  and  2. — Were  these  to  be  made  in  numbers  sufficient  to  warrant 
Juration  in  the  rolls,  that  method  would  be  employed  in  their  con- 
pn  which  is  used  in  rolling  'Hires."  Consequently  a  description 
I  method  is  given : 


Four  rolls  are  made  to  revolve  about  vertical  axes.  A  is  called  the 
"main  roll,''  and  is  the  one  which  shapes  the  flange  upon  the  tire.  It  has 
no  movement  except  that  of  rotation.  B  is  the  "pressure-roll,"  which 
is  attached  to  the  piston  of  a  hydraulic  press  and  serves  to  force  the  tire 
against  the  "main-roU."  C  and  D  are  the  "guide-rolls,"  which  keep  the 
tire  round  and  prevent  it  from  "buckling."  These  latter  can  be  moved 
to  or  from  each  other  by  means  of  gearing. 

A  square  ingot  of  the  proper  weight,  and  with  its  edges  rounded,  is 
first  flattened  under  the  hammer  to  the  proper  thickness,  and  a  hole 
punched  through  the  center  of  it ;  after  being  raised  in  a  furnace  to  a 
red  heat  it  is  taken  out  and  slipped  over  the  "pressure-roll."    One  work- 
man, who  stands  by  the  lever  controlling  the  hydraulic  press,  signals  to 
the  engineer  on  the  floor  beneath  to  start  the  rolls,  and  regulates  the 
"pressure-roll";  another,  standing  just  in  rear  of  the  "main-roll,"  moves, 
by  means  of  a  screw,  the  friction -rolls  gradually  apart  as  the  tire  enlarges  f 
while  a  third  workman,  from  time  to  time,  gauges  the  exterior  diameter 
with  an  iron  bar. 

Tires  are  made  in  sets  of  four,  and  are  guaranteed  not  to  differ  from 
each  other  in  outer  circumference  more  than  J  of  an  inch.  After  being 
rolled  they  are  bored,  but  as  it  is  ordinarily  prescribed  that  no  metal 
shall  be  tumetl  off  from  the  outside,  the  operation  of  rolling  so  as  to  keep 
within  the  prescribed  limits  is  a  nice  one. 

As  it  happens  that  no  rolls  of  the  proper  size  are  on  hand,  the  following 
process,  often  employed,  would  be  used  in  making  rings  1  and  2. 

The  ingot  would  be  flattened  and  punched,  as  described  above.  The 
ring  thus  formed  would  be  placed  on  the  horn  of  an  anvil  and  beaten 
out  to  the  proper  size.  The  hammer  used  for  this  work  is  automatic, 
and  strikes  at  the  rate  of  thirty  or  forty  blows  a  minute,  and  there  is  an 
automatic  attachment  for  slightly  shifting  the  ring  upon  the  anvil  aftei 
each  blow.  These  rings  can  be  so  furnished  that  not  more  than  J  to  ^^ 
of  an  inch  will  have  to  be  taken  off'  in  finishing. 
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Trunnwnring, — ^The  shape  of  the  ring  prevents  its  being  re 
hammered  out  on  the  an^il.    It  is  proposed  to  make  it  a«  foUowi 


A  square  ingot  with  rounded  edges  will  be  flattened  to  a  thicl 
11  inches,  and  then  shaped  as  shown  in  above  sketch,  not  by  ham 
but  by  cutting  away  the  surplus  metal.  A  hole  will  then  be  i 
through  the  center,  with  a  diameter  almost  as  large  as  the  i 
diameter.  It  will  then  be  moderately  hammered  on  its  eight  fa< 
the  rest  of  the  work  must  be  done  in  the  lathe. 

The  plant  of  the  Midvale  Steel  Works  consists  of  one  large  cor 
furnace,  not  now  in  use;  a  large  cnicible  furnace,  used  to  a  limitec 
for  the  production  of  small  ijigots ;  a  small  Pausard  gas-fuma 
two  Martin-Siemens  furnaces.  Of  the  latter,  the  smaller  has  a 
capacity  of  5  tons,  or  15  tons  in  24  hours,  but  a  single  casting 
obtained  from  it  of  6  tons  weight ;  the  capacity  of  the  larger  : 
which  has  recently  been  built,  is  stated  to  be  about  30,000  poun 

All  of  the  hammers  at  the  works  are  double  action ;  the  1 
weighs  7  tons. 

Tlie  tempering  process,  as  applied  to  ingots  suitable  for  gun  c 
tions,  consists  in  heating  the  hammered  and  rough-finished  in 
temperature  varying  between  dull  and  bright  cherry  heat,  a; 
plunging  it  into  the  oil  bath ;  finally,  when  the  inside  of  the  ing 
being  removed  from  the  bath,  shows  a  dull  red  heat  oujy  discer 
a  darkened  room,  it  is  placed  in  a  furnace  of  about  the  same  temj 
and  allowed  slowly  to  cool.  The  ingot  is  not  subjected  to  this 
with  the  intention  of  strengthening  or  toughening  it,  but  solelj 
l>uq)ose  of  securing  more  uniformity  in  its  structure. 
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APPENDIX  H^ 

REPORT   ON    EXPERIMENTAL    CANNON   POWDERS,  CAPT.    C.    S.    SMITH., 

ORDNANCE  DEPARTMENT. 

(One  plate.) 

EXPERIMENTAL  CANNON  POWDERS. 

With  a  view  to  the  improvement  of  powders  for  cannon,  and  of  ascer- 
taining the  most  suitable  density,  form,  and  size  of  grain  for  each  exist- 
ing service  caliber,  various  experimental  powders  have  been  procured, 
from  time  to  time,  and  tested  at  the  Sandy  Hook  pro\ang-ground. 

The  following  is  a  brief  description,  as  regards  their  nature,  mode  of 
fabrication,  land  ballistic  properties,  of  such  experimental  powders. 

Hexagonal  Powders. — ^A  powder  of  this  class  having  given  excellent 
results  in  the  trial  and  proof  of  the  8-inch  experimental  rifles,  it  was 
adopted  for  the  service  8-inch  rifles.  A  description  of  the  powder  is 
given  in  the  Eeport  of  the  Ordnance  Board  on  the  trial  of  8-inch  rifle 
converted,  Ko.  1,  and  published  in  the  Eeport  of  the  Chief  of  Ordnance 
for  1875.  It  is  a  molded  powder  of  the  form  shown  in  the  plate,  Fig. 
2^  and  for  the  service  8-inch  rifles  has  a  density  of  1.75 ;,  the  granula- 
tion, or  number  of  granules  to  the  pound,  being  72. 

The  average  resiUts  obtained  with  this  powder  are  as  follows } 


Nature  of  g^n. 


S-inch  rifle,  convert*  tl 


Kind  of  powder. 


Hexagonal  (E.  V.  type), 
standard. 


«« 

«^  »? 

c    . 

i? 

fl 

•*4 

g 

^^ 

Vel 

Lis. 

Lbs. 

Feet. 

35 

180 

1,344 

u 


Lbs. 
29, 775 


The  experimental  hexagonal  powders  manufactured  for  the  10, 11,  and 
1^25  inch  rifles  were  of  coarser  granulation  and  of  higher  density  than 
tlie  above,  but  were  identical  as  to  form  and  mode  of  fabrication. 

These  powders  were  as  follows: 


^'  p.  hexagonal 
^  A.  hexagonal 
jl-  8.  hexagonal 
^  0.  hexagonal 
^  H.  hexagonal 


powder 
powder 
powder 
powder 
I>owder 
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The  mean  results  obtained  with  the  F.  P.  powders  with  the  different 
calibers  are  as  follows : 


Nature  of  gun. 


8-mch  rifle  . . . . 

10-inch  rifle  ... 

11-inch  rifle  ... 
12.25-inch  rifle. 


Kind  of  powder. 


Hexagonal  F.  P.  type. 

do 

do 

do 

do 


eight  of 
harge. 

2^ 

if" 

^k 

Lbs. 

Lbs. 

FeM. 

35 

180 

1,337 

70 

400 

1,389 

80 

1,430 

70 

504 

1,275 

115 

700 

1,485 

Lht. 

26,714 
22,622 
23, 8S 
35,  OM 
33, 5M 


The  H.  E.  and  H.  S.  powders  have  been  tried  only  in  the  ll-incli 
rifle.  The  results  obtained  were  not  as  satisfactory  as  were  to  be 
expectedj  and  it  was  thought  that  they  were  largely  influenced  by  tii( 
existing  atmospheric  conditions  at  the  time  of  trial. 


Nature  of  gim. 


Kind  of  powder. 


11-incb  rifle . 


\ 


H.  K.  hexagonal  ... 
H.  G.  hexagonal  ... 


o    . 

•c^ 

"§   . 

^B 

^t 

51 

110  f< 

Lbt. 

Lbs. 

Feet. 

70 

505 

1,294 

1         " 

1 

505 

1,818 

0 

I 


Lbt. 
35, » 
31,0 


The  firing  of  the  F.  P.  powder  in  this  rifle  took  place  at  the  same  tim 
as  the  above,  and  it  will  be  observed  how  inferior  are  the  results  to  thos 
obtained  with  the  same  powder  in  the  10  and  12.25-inch  rifles.  Tb 
charge  with  H.  S.  powder  could  probably  have  been  increased  to  t 
pounds,  but  the  sample  was  exhausted  before  this  weight  could  be  triei 

The  I.  G.  and  I.  H.  powders  have  but  just  been  received  and  have  nc 
as  yet  been  tested. 

A  hexagonal  powder  (I.  C.)  of  granulation  72,  and  density  1.70,  wj 
ordered  expressly  for  the  3.17-inch  chambered  rifle.  The  results  obtained 
though  fair,  were  not  so  satisfactory  as  those  obtained  with  anothi 
powder  (see  further  on). 

The  mean  results  obtained  with  I.  C.  powder  are  as  follows : 


Nature  of  gun. 

Kind  of  powder. 

Weight  of 
chaigo. 

Weight  of 
projectile. 

Velocitvat 
81  feet. 

Presjiure 

3.17-mch  rifl«\  chambered... 

I.  C.  hexn;^oual 

Lbs.  1  Ozs. 
5   ;       7i 

\ 
Lbs.     Ozs. 

10          8 

1.881 

23.  C 

SPHERO-HEXAaONAL   POWDERS. 

These  are  molded  powders,  the  grains  differing  from  the  ordinar 
hexagonal  powder  by  being  formed  of  two  hemispheres,  instead  of  t\s 
pyramidal  frustums  united  upon  a  hexagonal  zone  or  base  (Fig.  3).  1 
was  thought  that  the  nearly  spherical  form  of  the  grains  would  insui 
very  uniform  results. 

The  granulation  was  the  same  for  all,  viz,  123  to  the  pound,  but  tL 
density  varied  as  follows : 

Densit 

H.  A 1. 

H.  B 1. 

H.  a 1. 
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&f    These  powders  were  tested  in  the  S-inch  rifle  converted  in  1876;  the 
best  results  being  obtained  with  H.  A.,  as  follows: 


f                     Katore  of  gnn. 

f 

Kind  of  powder. 

Weight  of 
charge. 

Weight  of 
projectile. 

• 

> 

• 

^inch rifle,  converted  .............>..... 

H.  A.  sphero-hexagonal. . . 

Lbt. 
35 

Lbt. 
180 

Feet 
1.428 

Lbt. 
32,875 

Contrary  to  expectation,  the  results  obtained  with  the  H.  B.  and  H  C. 
powders,  which  from  their  lower  densities  should  be  quicker-burning 
powders,  were  much  inferior  to  the  above,  as  regards  both  pressure  and 
velocity.  A  sphero-hexagonal  powder,  I.  B.,  of  density  1.728,  and  granu- 
lation 123,  was  employed  in  the  recent  experiments  with  the  3.17-inch 
chambered  rifle  (see  report  of  the  Ordnance  Board  on  trial  of  3.17-inch 
rifle),  and  with  excellent  results. 

The  following  is  a  mean  summary  with  the  maximum  charge  em- 
ployed: 


Nature  of  gun. 

Kind  of  poyrder. 

Weight  of 
charge. 

Weight  of 
projectile. 

Initial  ve- 
locity. 

Presaur©. 

3.17inch chambered  rifle . . 

L  B.  spboro-hexagonal . . 

Lbt. 

5 

Ozt. 
13 

Lbs. 
10 

Ozt. 

8 

2,026 

30, 000 

The  amount  of  air-space  allowed  in  the  chamber  with  the  above  charge 
was  about  32  cubic  inches  per  pound  of  powder. 

SQUARE   POWDERS. 

The  grain  is  formed  of  two  quadrangular  pyramidal  frustums  united 
on  a  square  base  (Fig.  9).  The  side  of  this  base  is  about  1.25  inche^s, 
and  the  thickness  of  the  grain  1.30  inches. 

These  powders  were  intended  as  experimental  powders  for  large  cali- 
l^rs,  and  were  made  of  three  different  densities,  but  of  the  same  granu- 
lation, viz : 

Granolation.  Density. 

G.S 11  1.775 

G.T 11  1.760 

OW U  1.715 

The  tests  were  made  in  the  11-inch  rifle,  using  as  high  as  85  i)ounds  of 
G.  S.,  with  a  505-pound  projectile.  The  results  demonstrated  that  the 
density  of  the  G.  S.  was  too  high  for  the  granulation.  G.  W.  proved  too 
noleut  owing  to  its  low  density,  even  with  the  moderate  charge  of  70 
pounds. 

The  results  obtained  with  G.  T.  were  as  follows : 


Xatnre  of  ffim. 


11-inch  rifle 


Kind  of  powder. 


G.  T.,  square 


tm. 

«k.    • 

«^ 

0     . 

-^ 

eS    . 

a-   *^ 

J^ 

^  c- 

> 

Lbs. 

Lbs. 

Feet. 

(       70 
{       75 

505 

1, 245 

505 

1,3U 

31.500 
33,000 
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These  results,  though  only  fair,  yet  indicate  that  the  charge  mig 
safely  be  increased  to  80  pounds,  with  the  promise  of  much  better  result 
since  for  an  increase  of  5  pounds,  i.  e.,  from  70  to  75,  the  velocity  h 
been  increased  71  feet,  while  the  pressure,  on  the  other  hand,  has  r 
up  only  1,500  pounds. 

SCHAGHTICOKE  POLYHEDRAL  POWDER. 

This  powder  (Fig.  8.)  is  thus  described  by  Commander  Man'in,  U.  S.] 

It  is  granulated  from  properly  compressed  ordiuary  press-cake  in  the  following  wi 
The  cake  is  placed  on  a  movable  tahle  or  fomi,  which  is  made  to  pa*8  between  t 
pairs  of  rollers.  A  set  or  comb  of  stationary  cutters  meets  the  cake  on  its  passage  i 
marks  a  series  of  grooves  on  its  surface.  By  turning  the  cake  half-way  around,  i 
marked  out  into  squares  on  a  second  passage.  This  process  applied  to  the  reverse  f 
gives  it  a  similar  character,  and  determines  the  planes  of  fracture  along  which 
cake  win  break  up  to  form  the  grains. 

As  tested  in  the  8-inch  rifle  in  the  1876  (see  Eeport  of  the  Chief  of  O 
nance  for  1877)  the  following  results  wef*e  obtained;  the  density  of  1 
powder  being  1.784  and  the  granulation  74 : 


Nature  of  grnn. 


Kiud  of  powtlcT. 


S-inch  rifle. 


Polyhedral.    Laflin  &  Rand 


••mm 
©        . 

i 

.^5 
Lbi. 

Voloc 

Lbs. 

Feet 

35 

180 

1,360 

a 
I 

i 

P 


u 

37 


hazard's  cubical  poavdek. 

This  powder  is  of  a  regular  cubical  grain  (Fig.  7),  being  formed 
cutting  the  press-cake  in  two  directions  at  right  angles  to  each  otl 
by  means  of  saws.    A  sample  was  tested  in  the  8-inch  rifle  in  1876  (i 
Report  of  the  Chief  of  Ordnance  for  187G  and  1877),  with  the  followi 
results : 


Katiire  of  pun. 

t 

Kind  of  powder. 

0  \ 

C.S 

Lbs. 
176 
229 

Velocity. 

* 

8-inch  rifle 

9-inch  rifle 

Haznid'ft  cnbiral.    Ps»l.  765.    G=r>6. 

....    Hazard  8  cubical.    X) — 1.705.    G — r*6 

Lbs. 

35  1 

40  t 

Feet. 

1,446 

1,436 

Li 

4€ 
24 

As  tested  in  the  11-ii^ch  rifle,  this  powder  proved  ^^high,"  a  pressi 
of  28,000  pounds  resulting  with  a  charge  of  only  50  pounds. 


ENGLISH  PEBBLE  POWDER. 

The  very  much  cheaper  production  of  pebble  powder,  as  compai 
with  molded  powders,  as  well  as  the  good  results  obtained  with  t 
powder  in  England,  in  guns  of  large  caliber,  led  to  the  trial  of  this  i>o  w( 
in  1877.    (See  Eeport  of  the  Chief  of  Ordnance  for  1877.) 

The  powder  employed  was  obtained  from  Pigou,  Welks  &  Lauren 
London,  and  consisted  of  three  samples,  of  the  same  granulation,  \ 
140  to  the  pound,  but  of  diflerent  densities,  namely,  1.736,  1.749,  a 
1.756.    The  results  were  not  very  satisfactory,  the  pressures  being  hi^ 
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The  best  result  was  obtained  with  the  highest  density,  which  for  a  35- 
poand  charge  and  180-pound  projectile  gave  1,377  feet  velocity  and 
38,333  pounds  pressure. 

Pebble  powder  is  formed  by  cutting  the  press-cake  in  two  directions 
at  right  angles,  by  means  of  rollers  having  straight  cutting  edges 
arranged  along  their  sui*faces ;  the  sharj)  edges  and  angles  being  removed 
in  the  subsequent  process  of  glazing.  With  a  coarse  granulation,  the 
general  form  of  the  grain  is  cubical,  but  with  the  granulation  given 
above  it  is  very  similar  to  mammoth  powder. 

PROGRESSIVE  POWT)ER. 

(Figs.  4,  o,  6.) 


The  excellent  results  obtained  in  Italy  with  what  was  termed  "  progress- 
ive powder  ^ — a  compound  powder  made  up  by  pressing  together  a 
I  powder  of  high,  with,  a  powder  of  low  density — suggested  the  advisa- 
I  bility  of  making  trials  of  similar  powders  in  some  of  the  larger  calibers  at 
I  Sandy  Hook.  The  Messrs.  Du  Pont  were  accordingly  directed  to  manu- 
1  facture  three  samples  of  five  barrels  each,  after  the  following  instruc- 
tions: 

1st.  Make  a  graio  powder  with  grains  varying  in  size  (irregular  in  shape)  from  0.3- 
iiich  to  0.6-inch. 

2d.  Mix  these  grains  with  mealed  powder  in  the  proportion  of  60  per  cent,  of  grain 
to  40  per  cent,  of  mealed  powder,  and  press  the  mass  into  cakes,  which  should  have  a 
density  of  about  1.75;  the  cakes  being  of  two  thicknesses,  the  thinner  of  ordinary 
mammoth  powder  size. 

[  3d.  Break  the  thinner  cakes  into  irregular  grains  of  the  same  size  as  service  mam- 
moth powder,  and  the  thick  cakes  into  cubes,  or  approximate  shapes  thereto,  whose 
t'dges  shall  be  respectively  1  inch  and  1^  inches. 

In  explanation  of  the  above,  the  following  remarks  were  added  in 
regard  to  the  mode  of  fabrication,  action  of  powder  in  the  gun,  &c. : 

Aft«r  passing  through  the  first  stage  of  manufacture,  and  being  brought  to  the  con- 

<ution  of  mealed  powder,  it  is  pressed  into  cakes  which  have  a  density  of  1.79 ;  the 

t'akeis  broken  up  into  irregular  grains  of  from  0.3-inch  to  0.6-inch  in  thickness,  as 

^^Jited  above,  which  are  not  to  be  glazed.     These  grains  are  mixed  with  40  per  cent. 

^^Hiealed  jwwder,  taken  from  the  same  working  as  that  from  which  the  ^ains  them- 

^<ve8  are  made,  and  the  whole  mass  pressed  into  a  cake  having  a  less  density  than 

***^  original  small  grains,  say  1.75.     The  cake  is  then  granulated  as  above  prescribed. 

■clach  grain  of  the  resulting  powder  is  thus  a  conglomerate  grain,  consisting  of  one 

^  more  small  grains  of  very  dense  powder  imbedded  in  a  mass  of  less  density,  the 

^^an  density  being  1.75. 

The  theory  of  the  combustion  of  this  powder  is  that  the  powder  of  less  density  being 

^Ore  quickly  consumed,  the  whole  charge  breaks  up  into  a  much  greater  number  of 

Waller  grains,  thereby  exposing  a  greatly  increased  surface  to  the  action  of  the  flame. 

In  using  this  powder  that  size  of  the  regular-shaped  grains  is  em- 
ployed most  suitable  to  the  caliber  of  the  gun,  and  is  mixed  with  a  cer- 
^in  proportion,  to  be  determined  by  experiment,  of  the  powder  of  irreg- 
^\lar  or  mammoth  gi^ain. 

The  above  samples  have  been  received  at  the  proving-ground,  but 
liave  not  as  yet  been  tested. 

POWDERS  FOR  4.5-INCH  SIEGE  RIFLE. 

In  order  to  increase  to  a  more  adequate  degree  the  power  of  this  piece  > 
it  was  desired  to  procure  a  powder  which  should  admit  of  using  a  charge 
of  from  7  to  8  pounds,  with  a  xirojectile  of  from  32.5  to  35  pounds,  with- 
out overstraining  the  walls  of  the  gun. 
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A  number  of  powders  were  procured  from  the  Messrs.  Du  Pa 
tried  by  the  Ordnance  Board.    These  powders  were  all  of  iri 
granulation,  but  differed  as  to  size  of  grain  and  density. 

The  best  results  obtained  were  as  follows : 


Nature  of  gun. 


Kind  of  powder.' 


4.5-inch  siege  rifle. 


H.  D.,  No.  3 ;  density,  1.778 ; 

gran.,  1,258. 
H.  D.,  No.  4;  density,  1.776; 

gran.,  3,038. 


Weight  of 
charge. 


Lbi. 
7 


{ 


7 
7 


Ozi. 

8 


jet 


Lbs. 
23 

25 
35 


Feet 
1.530 

1,578 
1,411 


With  a  view  to  employing  a  chamber  in  a  rifle  of  4.5-inch  caliber,  soi 
exx>eriments  were  conduct^  with  cartridges  of  reduced  diameter  in  if 
service  4.5-inch  rifle,  in  order  to  ascertain  the  effect  of  an  increased  a: 
space  in  the  portion  of  the  bore  occupied  by  the  charge. 

The  powder  employed  in  these  experiments  was  of  in^egular  grai 
density,  1.778 ;  granulation,  950. 

With  this  powder,  although  the  charge  was  gradually  increased  up 
10  pounds  without  incurring  any  excessive  pressures,  no  useful  e 
was  obtained  beyond  8  pounds,  owing  probably  to  the  great  length 
the  cartridge.    With  that  charge  and  a  25-pound  projectile  the  velocit 
was  1,528  feet;  the  pressure,  27,000  pounds. 

m 

POWDERS  FOR  THE  3-INCH   AND  3.5-INCH  FIELD   RIFLES. 

The  powders  procured  for  trial  with  these  guns  were  obtained  fronc^' 
the  Messrs.  Du  Pont.    They  were  of  irregular  granulation,  and  differed' 
from  each  other  chiefly  in  regard  to  size  of  grain.    !N^o  very  satisfactory*^ 
results  have  so  far  been  obtained  with  the  3.5-inch  rifle,  but  excellent:^ 
results  have  been  obtained  from  the  3-inch  rifle,  as  shown  by  the  firing 
records  of  the  3-inch  breech-loading  rifle.     (See  Eeport  of  the  Ordnance 
Board  on  the  trial  of  this  guu.)    A  mean  of  four  rounds  with  the  maxi- 
mum charge  employed  is  as  follows : 


Nature  of  gun. 

Kind  ot  powder. 

O       . 

0 

■  1 

> 

3-inch  breech-loading  rifle 

I.  A.,  density,  1.75;  gran.,  2,200.. 

Lbi.    i    Lbi. 
3  1      10.5 

i 

Feet. 
1,M2 

Lbi. 
36,333 

The  size  of  the  grains  of  the  above  powder  is  shown  on  the  plate, 
(Fig.  1.) 

The  experiments  with  powders  are  yet  in  progress ;  and  from  the  suc- 
cess alreaxly  obtained,  it  is  hoped  that  they  will  soon  be  so  far  completed 
as  to  have  secured  for  the  ditterent  calibers,  if  not  the  most  satisfactory 
powders,  at  least  powders  which  shall  possess  a  great  superiority  over 
those  in  present  use,  as  regards  velocities  and  pressures. 
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GUNPOWDER. 

Gunpowder  is  the  agent  employed  in  modern  warfare  to  propel 
projectiles  from  all  guns  and  small-arms,  and  generally  as  the  bursting- 
charge  of  projectiles ;  for  the  explosion  of  mines ;  blasting  purposes,  &c., 
It  is  a  mechanical  mixture  giving  light,  heat,  and  gas  in  the  com- 
bustion or  chemical  union  of  its  ingredients. 

Explosion  is  a  phenomenon  ai'ising  from  the  sudden  enlargement  of 
the  volume  of  a  body ;  as  in  the  case  of  gunpowder,  the  solid  body  is 
rapidly  converted  into  a  gas  many  times  its  volume.  If  the  body  is  con- 
fined in  a  limited  space  and  exploded,  great  heat  is  develoi)ed  and  a 
vast  expansion  or  propelling  force  produced,  the  volume  of  gas  being 
many  times  greater  than  that  of  the  powder. 

In  the  United  States  service,  gunpowder  is  obtained  from  private 
manufacturers.  It  is  distinguished  by  granulation,  irregular,  as  mus- 
let  J  mortar  J  cannon  and  mammoth  ;  regular,  as  cubical  j  and  the  molded  pow- 
de)'8^  i.  e.j  pellet  J  hexagonal^  and  prkmath  (perforated  hexagonal  prisms). 
In  all  of  these,  the  proportion  of  the  ingredients  are  the  same ;  they  differ 
only  in  the  size  and  shape  of  grain,  density  and  details  of  manufacture. 

Musket  powder  is  used  for  small-arms;  mortar  for  field-guns ;  cannon 
for  light  siege-guns,  and  the  larger-grained  and  special  powders  for 
heavy  sea-coast  guns. 

Note. — Special  powders  are  now  Leiug  expeiimcnted  with  for  Loth  field  and  siege 
guns. 

MATERIALS. 

The  materials  required  are  potassium  nitrate  fniterjj  charcoal  and 
sulphKr,  They  should  be  of  the  greatest  possible  purity  to  insure  ex- 
cellence of  quality,  and  guard  against  accidents  in  manufacture.  The 
proportions  by  weight  of  the  ingredients  used  in  the  United  States  serv- 
ice powder  are,  \ll  nitre;  {{J  charcoal;  10  sulphur. 

It  is  essential  to  the  successful  and  uniform  manufacture  of  powder 
that  the  ingredients  should  be  procured  in  their  rough  state,  and  be 
refined  and  prepared  for  use  at  the  factory  ;  this  is  also  necessary  as  a 
security  against  accidents  at  the  mills.  AH  foreign  matter  must  be 
carefully  excluded,  and  every  precaution  taken  against  their  introduc- 
tion in  handling  and  moving  the  refined  materials. 

SALTPETER. 

Saltpeter  {niter^  potassium  nitraie)  is  composed  of  53.45  nitric  acid,  and 
46.55  of  potassa ;  crystallizes  in  transparent,  colorless,  six-sided  prisms ; 
has  a  cooling,  s^iline,  and  slightly  bitter  taste ;  deflagrates  violently  on 
burning  coals ;  inodorous  and  anhydrous,  not  deliquescent  in  common  air, 
but  is  so  in  an  atmosphere  saturated  with  moisture.  It  melts  at  about 
G62<^  into  an  oily -looking  liquid,  and  may  be  cast  into  molds ;  decom- 
poses at  7160 ;  is  soluble  in  cold,  but  more  so  in  hot  water,  the  solubility 
increasing  with  the  temperature. 

100  parts  of  water  at  32o  dissolves  13.32  of  niter. 

100  parts  of  water  at  64.4^  dissolves  29.00  of  niter. 

100  parts  of  water  at  113^  dissolves  74.00  of  niter. 

100  parts  of  water  at  212^  dissolves  246.15  of  niter. 

Hence,  on  cooling,  a  hot  saturated  solution  deposits  the  greater  part 
of  the  salt  dissolved. 

Saltpeter  occurs  naturally  in  great  quantities,  as  an  efflorescence  on 
the  surface  of  the  earth,  in  many  of  the  wanii  countries,  particularly  in 
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India,  where  there  is  safficient  to  supply  the  wants  of  the  whole  world. 
It  also  occurs  as  a  saline  cnist  in  caverns  in  some  parts  of  the  globe ; 
and  in  the  vicinity  of  Moncldva,  Mexico,  it  is  found  in  great  purity  in 
reins  or  mines.  * 

It  exists  in  certain  plants,  and  is  formed  spontaneously  by  the  decom- 
position of  animal  and  vegetable  substances  when  mixed  with  substances 
containing  x)otash  and  kept  at  an  even  temperature  in  moist  situations. 
06  this  principle  artificial  niter-beds  are  made,  from  which  large  quanti- 
ties of  niter  are  obtained,  in  France,  Germany,  Sweden,  Hungary,  &c. 
Saltpeter  obtained  from  any  of  these  sources  may  be  separated  from  the 
greater  part  of  the  foreign  salts  and  earthy  matter  by  lixiviation  with 
wood-ashes  and  evaporation.  The  nitrous  earth  of  India  yields  about 
one-fifth  of  it«  weight  of  niter ;  that  of  the  niter-caves,  from  one  to  ten 
pounds  of  niter  to  the  bushel.  The  best  artificial  niter-beds  afford  an- 
nually about  a  quarter  of  a  pound  of  niter  to  a  bushel  of  earth.  Most 
of  the  saltpeter  used  in  the  United  States  for  the  manufacture  of  gun- 
powder is  obtained  from  India,  whence  it  is  imported  in  a  crystallized 
state  called  crude  saltpeter j  containing  generally  from  15  to  18  per  cent, 
of  foreign  salts,  earths,  and  water. 

TEST  OF  CRUDE  SALTPETER. 

The  process  of  testing  now  used  in  this  country,  as  well  as  in  England 
and  India,  is  that  of  analysis.  The  chlorides  that  the  ci*ude  saltpeter 
contains  are  precipitated  in  the  form  of  the  chloride  of  silver  by  adding 
the  nitrate  of  silver  to  the  solution  of  a  given  weight  of  the  sample  to 
^  tested.  The  sulphates  are  precipitated  in  the  form  of  the  sftlphate  of 
baryta  by  adding  the  nitrate  of  baryta  to  the  solution  of  a  given  weight 
of  the  sample;  the  amount  of  these  impurities  can  now  be  calculated. 

3IANUFACTUEE  OF  GUNPOWDER. 

liefining  saltpeter  is  for  the  purpose  of  removing  the  impurities  and 
^H  earthy  mattere  which  may  be  present,  and  is  effected  by  boiling 
^^:i.d  skimming  the  grough  or  crude  saltiieter  in  large  open  boilers,  and 
^t^erward  drawing  off  the  liquor  and  filtering  it  through  canvas  bags, 
r^ie  modus  operandi  is  as  follows :  About  40  cwts.  of  saltpeter  in  its 
-^ide  state  is  put  into  an  open  copper  boiler  capable  of  containing  500 
S^Uons ;  about  270  gallons  of  water  is  added  to  this,  or  about  ,QQ  of  wa- 
^^r  to  1  of  saltpeter ;  these  are  allowed  to  stand  all  night ;  in  the  morn- 
i-^g  a  fire  is  lighted  under  the  boiler,  and  in  about  two  hours  afterward 
tliey  will  have  reached  a  temperature  of  300^  Fahr.  and  will  be  boiling 
Creely. 

During  ebullition  by  constant  stirring,  the  light  matter,  containing 
tnany  impurities,  rises"  to  the  surface,  and  is  skimmed  off  (a  little  dis- 
solved glue  will  facilitate  the  operation).  When  the  skum  ceases  to 
rise,  cold  water  is  freely  dashed  on  the  surface  of  the  boiling  liquid  to 
precipitate  the  chlorides  that  would  otherwise  be  retained  on  its  surface. 
After  boiling  until  the  solution  of  the  nitrous  salts  is  effected,  the  fire 
is  allowed  to  go  out ;  when  all  ebullition  has  ceased,  the  foreign  salts 
and  chlorides  being  the  heaviest,  are  precipitated.  The  boiler  is  pro- 
vided with  a  false  bottom  perforated  with  holes,  through  which  these 
impurities  pass  and  fall  to  the  bottom  of  the  boiler. 

In  about  an  hour  after  the  fire  has  been  extinguished,  the  tempera- 
ture of  the  solution  falls  to  about  220^  Fahr.  A  siphon  is  introduced, 
the  end  of  which  is  kept  about  1  inch  fix)m  the  false  bottom  of  the  boiler, 
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SO  as  not  to  disturb  the  sediment.  The  liquor  is  drawn  off  by  tiie  si- 
phon into  a  trough,  the  bottom  of  which  is  fitted  with  four  or  five  gnu- 
metal  taps,  communicating  with  suspended  Dowlas  canvas  filtering-bags^ 
of  the  shape  of  an  invert^  cone.  If  crystals  form  on  the  filtering-bags,^ 
hot  water  is  poured  over  them  to  keep  the  canvas  open,  a  constant  sup- 
ply for  the  purpose  being  obtained  from  a  vessel  provided  with  a  flexi- 
ble pipe,  having  a  finely-pierced  rose-head  lilaced  in  close  proximity  to 
the  filtering-trough.  When  all  the  liquor  has  passed  through  the  filter- 
ing-bags, it  is  run  to  a  cooler  about  12  feet  long  by  6  feet  wide  by  1 
foot  deep,  lined  with  sheet  copper,  and  placed  by  the  side  of  a  washing- 
vat. 

The  liquor  in  the  cooler  is  stirred  by  a  wooden  rake  until  the  tempera- 
ture is  reduced  to  about  180^  Fahr.,  at  which  temperature  the  mother- 
water  separates  from  the  saltpeter  held  in  solution ;  when  it  falls  below 
18(P  a  large  number  of  very  minute  crystals  are  formed,  which  are  col- 
lected and  thrown  on  to  a  wii'e-cloth  drainer,  fixed  at  an  angle  imme- 
diately above  the  cooler,  that  the  strainings  may  run  b^ck  again  into  the 
cooler ;  the  saltpeter,  when  suflSciently  drained,  is  raked  into  the  wash- 
ing vat — also  furnished  with  a  false  bottom  of  fine  copper- wire  cloth. 

The  whole  charge  receives  three  washings;  in  the  first  and  second,  pure 
water  is  freely  sprinkled  over  the  saltpeter  from  a  rose,  and  after  standing 
about  fifteen  minutes  the  liquor — being  very  rich  in  mother- water  and 
saltpeter — is  run  off  into  crystallizing  pans  by  a  tap  at  the  bottom  of  the 
washing-vat.  In  the  third  washing  the  vat  is  entirely  filled  with  cold 
water,  and  the  liquor,  after  standing  for  about  half  an  hour,  is  drawn  off; 
it  now  only  contains  a  small  quantity  of  saltpeter,  and  is  not  run  into 
the  crystallizing-pans,  but  collected  in  an  underground  tank  for  future 
use. 

The  saltpetre  obtained  by  the  above  process  is  an  almost  perfectly 
pure  white  salt.  It  is  placed  in  stone  bins  perforated  with  small  holes 
in  the  ends  and  sides,  where  it  is  allowe<l  to  drain.  The  saltpeter  con- 
tains from  7  to  12  per  cent,  of  water,  but  during  the  time  it  remains  in 
the  bins  about  6  or  7  per  cent,  is  drained  off.  It  is  now  fit  for  making 
gunpowder  if  used  immediately  ;  but  if  required  for  storage  or  transport, 
it  is  better  to  evaporate  the  remaining  water,  which  is  done  by  drying 
in  a  hot  chamber  in  the  following  manner : 

The  saltpeter  is  spread  out  about  2  inches  thick  on  shallow  trays  of 
sheet  copi)er,  and  placed  on  racks  in  a  hot  chamber  heated  to  about  260^ 
Fahr.,  by  a  flue  under  the  floor.  The  saltpeter  is  stirred  once  or  twice ; 
from  four  to  six  hours  is  suflicient  to  evaporate  the  remaining  moisture. 
It  is  taken  out  and  emptied  into  shallow  trays,  allowed  to  cool,  and  then 
put  into  barrels  and  stored. 

By  the  above  process  about  three-fourths  of  the  saltpeter  is  crystal- 
lized, the  remaining  portion  being  held  in  solution  by  the  mother- water 
that  remains.  When  this  has  cooled  to  within  7°  or  8^  of  the  tempera- 
ture of  the  atmosphere,  large  crystals  are  formed,  adhering  to  the  sides 
and  bottom  of  the  cooler,  and  are  collected  and  put  with  the  grough  into 
the  next  charge  of  the  boiler :  the  mother-liquor  is  collected  and  pumped 
into  'a  boiler  and  evaporated  to  a  fourth  of  its  original  quantity,  and 
drawn  off  by  a  siphon,  passed  through  filtering- bags,  and  collected  in  a 
receiver,  whence  it  is  run  into  copper  pans  of  thirty-six  gallons  each  and 
crystallized.  The  crystals  obtained  in  this  manner  are  piue,  but  contain 
cavities  of  mother- water ;  it  is  found  best  to  use  them  in  the  next  charge 
as  grough. 

Over  the  sediment  in  the  bottom  of  the  evaporating-pan  hot  water  is 
poured,  the  whole  well  stirred  to  extract  any  saltpeter  that  may  remain ;; 
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er  settling,  the  solution  is  drawn  off  and  passed  through  the  flltering- 
gs  previous  to  being  run  into  the  crystallizing-pans.  Should  the 
ering-bags  become  clogged  by  impurities  they  are  removed  and 
iCed  in  larger  bags  in  a  cleaning  apparatus,  where,  together  with  the 
»8  in  which  the  saltpeter  is  imported,  they  are  well  washed  in  hot 
ter ;  this  water,  containing  a  small  percentage  of  niter,  is  also  col- 
ted  in  the  mother-liquor  tank.  The  bag-cleanser  is  also  used  for  wash- 
:  the  skimmings  and  foreign  salts,  &c.;  the  residue  with  the  refuse 
[fi  the  evax)orating-paus  is  sold  for  manure. 

["he  water  firom  the  various  washings  and  drainings  is  conveyed  to 
J  underground  tank,  pumped  into  the  copper  boiler,  and  is  used  in- 
ad  of  pure  water  in  the  next  charge ;  as  it  contains  a  small  percent- 
3  of  saltpeter,  a  less  quantity  of  grough  is  required. 
FesU. — A  solution  is  tested  with  litmus  for  presence  of  an  acid  or 
ali ;  with  a  solution  of  nitrate  of  silver  for  chlorides ;  with  a  solution 
chloride  of  baryum  for  sulphates ;  with  oxalate  of  ammonia  for  lime, 
ordinary  test  the  second  is  the  only  one  used,  and  for  chloride  of 
lium. 

Sulphur, — Sulphur  is  never  found  pure,  but  mixed  with  earths,  and 
en  with  various  salts.  It  is  found  in  the  vicinity  of  volcanoes,  large 
EUitities  being  imported  from  Sicily ;  it  is  often  found  with  metalUc 
ts,  as  copper,  iron,  &c. 

Sulphur  is  unfit  for  use  in  a  crude  state ;  it  requires  to  be  refined, 
is  is  done  by  subliming  and  distilling. 

By  melting,  all  earthy  matters  are  left  at  the  bottom  of  the  retort  in 
ich  the  melting  is  done,  the  pure  sulphur,  as  vapor,  passes  upward, 
1  is  sublimed  and  distilled  by  condensation  at  two  distinct  periods  of 
temperature. 

k  thick,  large,  round  cast-iron  melting-pot  or  retort  is  used,  built  in 
ck-work  with  a  furfiace  below.  The  retort  has  a  movable  lid,  the 
Qt  being  made  air-tight  by  clay  •,  the  lid  is  sufficiently  large  to  admit 
lau  for  cleaning  out  the  pot.  In  the  lid  is  fitted  a  4-inch  plug,  tapered 
the  purpose  of  charging  the  retort.  Kear  the  top  of  the  retort  two 
>e8  branch  at  right  angles,  each  fitted  with  a  sluice-valve  at  the  end 
U'est  the  retort ;  one  of  these,  the  subliming-pipe,  from  12''  to  14'' 
diameter,  rising  at  an  elevation  of  35^,  is  used  to  conduct  the  vapor 
m  the  retort  to  the  subliming-chamber  situated  at  a  distance  of  about 
feet  from  the  retort.  The  chamber  is  12  feet  in  height  by  10  feet  in 
tmeter  at  the  base,  dome-shaped,  lined  with  flag-stones,  the  floor 
rered  with  sheet-lead.  Near  the  bottom  are  two  doors,  the  inner  of 
n,  the  outer  of  wood,  air-tight,  and  lined  with  sheet-lead.  Through 
5  bottom  of  these  doors  is  a  small  tube  leading  to  a  cistern  of  water, 
lich  takes  up  the  sulphuric  acid.  The  outer  pipe,  from  7  to  8  inches 
diameter  and  8  feet  long,  is  used  in  conveying  off  the  vapor  at  a 
jher  temperature  than  required  for  subliming ;  this  inclines  downward 
an  angle  of  20^  delivering  the  vapor  to  a  receiving-tank  inclosed  in 
outer  jacket ;  cold  water  from  a  cistern  circulates  through  them, 
rough  the  annular  space  about  1.05  inches  in  width.  The  water  enters 
3  jackets  at  their  lowest  points,  and  passes  off  at  their  highest,  near 
)  retort. 

The  receiving-tank  fitted  with  a  movable  lid  somewhat  similarly 
*anged  to  that  of  the  retort,  has  a  plugged  hole  in  the  center,  through 
lich  a  rod  is  introduced  for  gauging  its  contents.  A  small  pipe  fitted 
the  top  of  this  tank  conducts  any  non-condensed  vapor  to  a  chamber 
lere  the  "  flowers  ^  are  precipitated.  This  chamber  is  occasionally  cleaned 
b  by  a  small  door.  A  discharge- valve  is  fixed  to  the  bottom  of  the 
jeiving-tank  for  drawing  off  tjie  sulphur  into  molds. 
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About  6J  cwts.  of  cnide  sulphur  are  put  iuto  tbe  retort,  the  sluice- 
valve  on  the  subliining-pipe  and  the  plug  in  the  retort-lid  left  open,  the 
sluice- valve  on  the  distilling-pipe  closed,  a  slow  fire  applied  under  the 
retort;  in  two  or  three  hours  the  raw  material  istnelted  down. 

At  170^  Fahr.,  evaporation  commences;  at  about  200o  Fahr.,  melting 
begins;  239^  Fahr.,  the  sulphur  is  perfectly  fluid;  and  at  o6(P  Fahr.,  it 
is  ready  for  distillation.  So  soon  as  the  melting  begins,  a  pale  yellow 
vapor  arises;  the  plug  is  inserted  in  the  lid  of  the  retort,  the  vapor 
passes  to  the  dome  of  the  subliming-chamber  near  the  top,  and  falls  in 
a  shower  of  very  fine  condensed  particles  termed  "flowers  of  sulphur." 

After  two  or  three  hours,  as  the  heat  increases,  the  vapor  in  the  retort 
becomes  a  deep  reddish-brown  color,  when  the  sluice-valve  on  the  sub- 
liming-pipe  is  closed,  and  that  on  the  pipe  leading  to  the  distilling-tank 
opened,  the  cold  water  constantly  circulating  through  the  jacket  of  this 
pipe  and  also  of  the  receiving-tank  keeps  them  cool,  the  vapor  rises  firom 
the  retort  and  passes  along  the  pipe,  becomes  condensed,  and  runs  into 
the  tank  below,  a  thick  yellow  fluid.  When  nearly  all  is  distilled 
(which  is  ascertained  by  gauging  the  depth  of  the  liquid  sulphur  in  the 
tank),  the  sluice- valve  on  the  distilling-pipe  is  shut,  the  fluid  in  the  re- 
ceiving-tank allowed  to  cool  for  an  hour  or  two,  when  it  is  run  oif  by  the 
valve  to  molds,  and  allowed  to  cool  and  solidify.  These  molds  are  used 
wet,  otherwise  the  sulphur  will  adhere  on  solidifying.  'V\Tien  cold,  the  re- 
fined sulphur,  broken  into  lumps,  is  ready  for  use.  The  vapor  remain- 
ing in  the  retorts  passes  into  the  dome  of  the  subliming-chamber,  where 
it  is  evaporated  as  "flowers.'*  The  earthy  matter  in  the  retort  is  after- 
ward cleaned  out. 

The  "flowers"  of  sulphur  are  unfit  for  making  gunpowder,  on  account 
of  the  acid  they  contain,  unless  required  for  fireworks  or  composition. 
They  are  returned  to  the  melting-pot  with  a  fresh  charge.  Tlie  crystal- 
line, or  distilled  sulphur,  only  is  used  in  making  gunpowder. 

To  test  sulphur,  burn  a  small  quantity  on  white  porcelain ;  if  fit  for  the 
manufacture  of  gunpowder,  there  should  be  not  more  than  0.26  per  cent, 
of  residue,  or,  dissolved  in  boiling  distilled  water,  blue  litmus  paper  should 
but  slightly  redden. 

Charcoal — Charcoal,  the  residue  after  wood  has  been  charred,  as  an 
ingredient  of  gunpowder,  is  next  in  importance  to  saltpeter.  When  uni- 
formity in  quality  of  gunpowder  is  required,  great  care  must  be  exer- 
cised  in  its  preparation,  for  the  chemical  composition  of  chfircoal — i  e., 
the  percentage  of  carbon  contained  therein — will  aft'ect  the  quality  of  the 
gunpowder  to  a  considerable  degree;  therefore,  extreme  care  has  to  be 
exercised  in  charring  the  wood.  Gunpowder  should  contain  no  less  than 
15  per  cent,  of  charcoal. 

Much  depends  upon  the  quality  and  condition  of  the  wood  employed; 
the  sap  should  be  thoroughly  dried  in  the  wood  to  secure  the  best  quality 
of  charcoal;  this  end  is  attained  by  desiccating  newly-cut  timber  in  a  hot 
chamber  for  ten  or  twelve  days,  although  it  is  questionable  if  the  char- 
coal so  obtained  is  as  good  as  that  produced  from  wood  that  has  been 
seasoned  for  a  number  of  years.  Small  wood,  perfectly  clean,  free  from 
bark,  quite  dry,  are  essential  requisites  for  making  good  charcoal. 

The  kind  of  wood  commonly  used  is  that  of  the  willow  species — the 
common  white  Dutch  willow,  the  poplar,  and  the  alder  are  genei'ally 
preferred;  other  woods  are,  however,  frequently  used,  and  for  a  first- 
class  strong  powder,  black  dogwood  is  said  to  be  best,  but  its  great  cost 
prevents  its  being  largely  adopted. 

Distilling  the  wood  in  retorts  is  the  method  usually  employed  for  pro- 
curing a  light  and  equal  quality  of  charcoal ;  pit-burned  charcoal  is,  how- 
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r,  preferred  for  fuse,  pyrotechnic  compositions,  &c.,  on  account  of 
ain  qualities  it  possesses.  The  method  of  distilling  in  retorts  is  as 
>W8:  A  number  of  retorts  set  in  brickwork  at  a  suitable  height  from 
ground  floor,  under  which  a  furnace  is  provided;  the  bottoms  of  the 
rts  are  protected  from  the  direct  and  intense  heat  of  the  furnace  by 
e-brick  lining,  through  openings  in  which,  and  by  flues,  the  flame 
es  round  the  retorts  before  reaching  the  chimney.  The  wood  must 
mall,  of  eight  or  nine  years'  growth ;  it  is  obtained  early  in  the  faU, 
ark  entirely  removed,  cut  into  lengths  of  about  3  inches  and  stacked 
trying.  When  thoroughly  dried  it  is  put  into  a  sheet-iron  cylinder 
skip,"  having  a  movable  lid  or  door  at  one  end,  which  is  placed 
zontally  on  an  iron  carriage  corresponding  in  height  with  the  door 
le  retort;  the  carriage  is  run  forward  to  the  mouth  of  the  retort,  the 
ider  containing  the  wood  slid  into  the  retort,  fitted  with  an  air-tight 
',  having  been  previously  heated  to  a  dull  red  heat, 
le  process  of  charring  commences,  the  steam,  tar,  and  gas  in  the 
i  pass  from  the  cylinder  by  holes  in  the  door,  through  a  pipe  to  the 
ace  and  are  consumed.  From  three  to  four  hours  are  required  to 
pletely  char  a  cylinder  of  wood.  The  cylinder  with  its  contents  is 
vn  out  of  the  retort  by  a  block  and  tackle,  lowered  into  an  air-tight 
er  with  a  close-fitting  Hd,  and  allowed  to  remain  for  about  half  a 
;  it  is  then  placed  in  a  smaller  cooler  where  it  remains  until  cold. 
Br  the  charcoal  has  been  carefully  picked,  it  is  fit  for  use  in  making 
powder.  About  three  charges  can  be  burned  in  each  retort  every 
Ive  hours. 

good  and  uniformly  pure  charcoal  has,  if  properly  made,  a  jet  black 
earance,  the  fractures  show  a  velvet-like  surface,  and  appear  the 
e  in  both  large  and  small  pieces.  It  should  not  scratch  soft  polished 
al,  and  if  treated  with  distilled  water  there  should  be  no  appear- 
B  of  alkali. 

rom  20  to  25  per  cent,  of  charcoal  is  obtained  from  willow  and  alder, 
from  25  to  30  per  cent,  from  black  dogwood;  the  latter  is  very 
se,  tough,  and  of  slow  growth,  its  usual  size  being  about  one  inch  in 
kness.  When  charred,  it  has  a  yellowish  looking  suiface,  and  is 
titly  metallic  in  appearance. 

lie  kind  of  wood  from  which  the  charcoal  has  been  made  is  known 
he  pith ;  that  of  dogwood  is  circular  and  large  for  the  size  of  the 
i ;  that  of  the  willow  is  also  circular,  but  somewhat  smaller ;  that  of 
r  forms  a  figure  of  three  equidistant  radial  lines, 
[larcoal  is  very  porous,  and  quickly  absorbs  moisture:  therefore  a 
.t  store  is  never  kept.  Previous  to  use,  it  is  very  carefully  examined 
picked,  uncharred  pieces  being  excluded. 
>  test  cnarcoal  for  an  alkali,  finely  powder  a  small  quantity  and  boil 

distilled  water,  filter  and  test  with  litmus  paper  reddened  by  weak 
.  Should  the  charcoal  contain  alkali,  the  paper  will  be  partially  or 
lly  restored  to  its  color. 

it-burned  charcoal  is  used  in  the  manufacture  of  "  pit  gunpowder," 
is  suitable  for  filling  fuses,  port-fires,  &c. ;  it  is  also  used  for  pyro- 
inic  compositions,  and  such  purposes. 

MACHINES  USED  IN  MANUFACTURE  OF  GUNPOWDER. 
CHABCOAL-aRINDINa  MILL. 

efore  the  ingreidients  are  mixed  together,  they  must  be  pulverized  or 
ukd  to  a  fine  powder.    Charcoal  alter  standing  a  fortnight  is  ground 
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in  an  apparatus  somewhat  similar  to  a  coffee-mill  on  a  large  scale.  The 
mill  (Plate  1.  Fig  1.)  consists  of  a  cone  secured  on  a  vertical  spin^' 
provided  with  teeth  running  spirally  over  its  entire  outer  surface;  t 
cone  revolves  in  a  cylinder  provided  with  teeth  on  its  inner  surfaoe;! 
these  teeth  are  spiral  also,  but  incline  in  the  opposite  direction  to  tiiosej 
on  the  cone. 

The  revolving  cone  is  a4jnstable  in  a  vertical  direction  to  increase  or  | 
diminish  the  space  between  its  teeth  and  those  of  the  fixed  cylinder; 
thus  a  coarse  or  fine  charcoal  is  produced  at  will.    The  adjustment »] 
efiected  by  means  of  two  hand- wheels  working  on  a  fine  screw-thread 
cut  upon  the  small  vertical  cone  spindle,  which  spindle  can  be  moTedj 
upward  or  downward  by  means  of  the  hand-wheels  through  the  large^ 
hollow  shaft  upon  which  the  bevel  driving-wheel  is  keyed.    Motion  is 
communicated  from  this  shaft  to  the  small  one  by  means  of  a  feather 
upon  the  surface  of  the  latter,  which  fits  and  works  in  a  groove  cut  in 
the  inside  of  the  hollow  shaft.    The  small  hand-wheel  is  u^d  for  locloBg 
and  securing  the  larger  one  in  any  required  position. 

The  hopper  above  receives  the  charcoal.  On  the  under  side  of  the 
cone,  and  revolving  with  it,  are  a  couple  of  arms,  that  carry  the  ground 
charcoal  to  the  discharge  spout  on  one  side  of  the  fixed  cylinder  and 
conduct  it  to  a  sifting  reel ;  this  reel  is  simply  a  skeleton  cylinder  of 
wood,  covered  with  copi)er  wire  cloth,  having  fine  meshes  thirty-two  to 
the  inch. 

The  sifting  reel  is  driven  by  a  pair  of  bevel  wheels  set  at  a  slight 
angle  to  allow  the  charcoal  to  run  readily  along  the  interior;  as  it  re- 
volves, it  causes  the  particles  of  charcoal  to  be  continually  rolling  over 
each  other  and  covering  new  surfaces  of  the  reel ;  the  fine  particles  paas 
through  the  meshes  of  the  wire  cloth  and  fall  into  a  receiving  bin^ 
whilst  the  larger  ones  are  thrown  out  at  the  lower  end  of  the  reel  to 
another  bin,  whence  they  are  taken  and  returned  to  the  hopp^.  The 
reel  and  bms  are  inclosed  entirely  in  a  wooden  framework  and  coTer- 
ingy  so  as  to  prevent  the  dust,  which  is  very  light,  from  spreading  over 
the  house.  Doors  are  provided  in  this  wooden  covering,  by  means  of 
which  the  ground  charcoal  can  be  removed. 

After  bein  g  ground  the  charcoal  stands  for  about  eight  or  ten  days  before 
using  it ;  owing  to  the  readiness  with  which  it  absorbs  oxgyen  when  in 
the  pulverized  state,  it  is  apt  to  become  heated,  and  spontaneous  com- 
bustion to  ensue.  The  danger  frx)m  this  cause  is  much  lessened  when 
t  is  st  ored  in  small  quantities  and  in  separate  iron  cylinders  or  bins. 

SALTPETEE  AND  SULPHITE  OEmDINa  APPARATUS. 

The  saltpeter,  if  used  immediately  after  being  purified,  is  so  fine  as  to 
require  no  further  reduction  of  its  particles  before  mixing ;  but  if  it  has 
been  dried  for  storage  it  must,  like  the  sulphur,  be  reduced  to  a  very 
fine  powder.  They  are  ground  separately  in  a  small  machine  somewhat 
similar  to  a  mortar-mill.  The  machine  (Plate  I,  Fig.  2)  consists  of  a 
pair  of  edge  rollers  traveling  round  a  strong  circular  cast-iron  bed,  re- 
volving at  the  same  time  on  their  own  axes. 

The  speed  of  these  rollers  is  eight  revolutions  per  minute  round  the 
bed ;  they  are  each  4  feet  in  diameter,  and  weigh  30  cwt.  Each  one  travels 
on  a  different  path,  one  being  near  to  the  inside  curb,  or  ''cheese,''  as  it 
is  technically  called,  whilst  the  other  is  farther  away  from  the  center. 
A  shaft  or  spindle  common  to  both  passes  through  their  centers,  and 
between  them  is  a  cross-head  fixed  on  a  vertical  shaft  driven  by  meaflfl 
of  bevel  gearing,  the  pinion  being  secured  on  the  main  horizontal  diiv- 
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ing  shaft  andemeath  the  machine,  whilst  the  vertical  shaft,  upon  which 
liie  large  bevel  wheel  is  fixed,  passes  through  the  cross-head;  this  latter 
ieing  provided  with  suitable  brass  bushes,  in  order  to  allow  the  rollers 
0  rise  or  fall  according  to  the  thickness  of  the  material  under  them. 

The  material  to  be  ground,  whether  saltpeter  or  sulphur,  is  spread 
renly  over  the  bed  of  the  machine  to  a  thickness  of  about  1.05  or  2 
lohes ;  the  rollers  are  then  set  in  motion.  A  very  short  time  suffices 
3  complete  the  operation.  The  material,  when  ground,  is  shoveled  from 
tie  bed  into  tubs  and  emptied  into  a  hopper  placed  above  a  sifting  reel 
?late  I,  Fig.  3),  which  is  similar  in  all  respects  to  the  charcoal  reel.  As 
le  reel  revolves,  certain  projections  provided  on  the  shaft  strike  against 
[milar  projections  on  the  bottom  of  the  trough  that  conveys  the  material 
xmi  the  hopper  to  the  reel,  and  as  this  trough  is  slung  under  the  hopper 
;  is  made  to  vibrate  and  cause  the  material  to  be  shaken  gradually  from 
be  hopper  to  the  reel.  The  fine  particles  pass  through  a  wire  cloth  of 
hirty-two  meshes  to  the  inch  and  fall  into  a  bin  provided ;  the  coarse 
articles  are  thrown  out  at  the  end  into  another  bin,  whence  they  are 
aken  and  reground. 

The  ingredients  are  weighed  out  very  accurately,  in  the  proportions 
)f  75  of  saltpeter  to  15  of  charcoal  and  10  of  sulphur.  About  50  pounds 
if  this  mixture,  constituting  a  charge  for  the  incorporating  mill,  is  placed 
separately  in  small  bags  and  taken  to  the  mixing  machine. 

THE  MIXING  MACHINE. 

.  This  machine  (Plate  II,  Fig.  4),  consisting  of  a  hollow  drum  of  copper 
idixmt  2  feet  wide  by  3  feet  in  diameter,  revolves  at  a  speed  of  thirty-five 
revolutions  per  minute.  The  bearings  of  this  drum  are  hollow ;  a  shaft 
pifises  through  them,  having  in  the  interior  of  the  drum  an  eight-sided 
boss  or  tube  secured  to  it ;  into  this  a  series  of  arms  or  flyers  are  screwed, 
titere  being  Hve  on  one  face  of  the  octagon  and  six  on  the  next,  alter- 
nately. They  are  made  of  a  flat  section,  forked  at  the  ends,  provided 
^tfa  holes  through  their  flat  sides ;  each  one  is  set  at  a  different  angle 
to  the  next ;  their  points  just  clear  the  inside  of  the  drum,  and  they  re- 
vive in  the  opposite  direction  to  it  at  the  rate  of  seventy  revolutions 
per  minute. 

The  three  bags  of  ingredients  (50  pounds  in  all)  are  emptied  one  at 
J  tame  through  a  door  into  the  copper  drum  j  five  minutes' work  will  be 
bund  to  thoroughly  mix  them. 

The  door  in  the  drum  is  opened,  the  composition  falls  down  a  chute 
ito  a  tub ;  after  being  spread  out  it  is  carefully  examined,  and  then 
laced  in  the  receiving  bags.  The  bags  are  tightly  tied  up,  it  being  very 
ssential  that  this  operation  be  carefully  performed ;  for,  should  the  com- 
osition  be  allowed  to  remain  loose  in  the  bags  (the  ingredients  having 
^ry  different  specific  gravities),  the  saltpeter  would  fall  to  the  bottom, 
le" charcoal  rise  to  the  top,  and  the  sulphur  occupy  the  center.  The 
ags  are  put  into  small  magazines,  separate  from  all  buildings  contain- 
ig  machinery,  laid  on  their  sides,  so  that  the  weight  of  the  saltpeter  may 
Sfect  the  mixture  as  little  as  possible.    The  composition  is  now  ready 

IT 

THE  INCOEPOEATINa  MILL. 

The  incorporation  of  the  ingredients  that  form  gunpowder  is  by  far 
he  most  important  process  in  the  whole  manufacture,  for  unless  the 
oinute  particles  of  the  ingredients  be  thoroughly  mixed,  all  subsequent 
operations,  however  well  performed,  will  not  compensate  for  the  error^ 
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The  incorporating  mill,  which  is  shown  by  Plate  II,  Pig.  6,  consists  of 
two  large  and  heavy  "hard-chill^  cast-iron-edge  runners,  revolving  on 
a  circular  cast-iron  bed;  the  peculiar  action  of  these  runners  is  vreU 
adapted  for  thoroughly  grinding  and  incorporating  the  several  ingie- 
dients :  their  great  weight  is  for  crushing  the  ingredients,  which  are  also 
grouna  together  by  the  twisting  action  produced  by  the  rollers  travel- 
ing round  in  so  small  a  circle.    Each  roller  travels  over  the  bed  in  a 
separate  track,  and  is  assisted  by  a  plow  (hereafter  described),  which 
mixes  tiie  material  so  that  it  is  subjected  to  crushing,  grindmg,  and 
mixing  by  one  operation. 

Incorporating  mills  in  a  gunpowder  factory  are  usually  grouped,  and 
the  motive  power  may  be  water  or  steam ;  in  either  case  the  power 
should  be  capable  of  driving  four  or  more  pairs  of  runners.  Each  pair 
is  so  arranged  that  it  can  be  disengaged  or  put  in  gear  at  pleasure  by 
means  of  a  Mction-clutch,  without  interfering  with  the  steady  working 
of  the  engine  or  water-wheel.  When  the  latter  is  employed,  its  speed 
is  regulated  by  a  governor  in  connection  with  the  sluice;  by  this  meaoB 
the  flow  of  water  is  caused  to  immediately  increase  or  diminish  as  a  pair 
of  runners  is  put  in  motion  or  stopped,  and  thus  a  regular  speed  always 
maintained. 

The  runners  travel  round  the  bed  at  the  rate  of  eight  revolutions  per 
minute;  they  are  6  feet  6  inches  in  diameter  by  15  inches  broad  on  the 
face,  and  weigh  four  tons  each.  As  already  stated,  the  two  travel  on 
different  paths,  the  one  being  near  to  the  outside  rim  or  curb  of  the  bed^ 
while  the  other  travels  near  to  the  inside  curb  or  "cheese.''  A  horizon- 
tal shaft  or  spindle,  common  to  both  runners,  passes  through  their  centers, 
and  between  them  is  a  cross-head  fixed  on  a  vertical  shaft  driven  by 
means  of  a  bevel  wheel  and  pinion,  the  latter  being  secured  on  the  main 
driving  shaft  that  passes  underneath  the  bed  of  each  mill,  and  common 
to  all. 

The  vertical  shaft  passes  through  the  cross-head,  and  is  provided  with 
brass  bushes,  which  allow  the  runners  to  rise  or  fall  according  to  the  irreg- 
ularity in  the  thickness  of  the  material  under  them.  On  each  side  of  Uie 
cross-head,  and  projecting  outwards,  is  an  iron  bracket  having  a  plow 
(made  of  a  wedge-shaped  piece  of  wood  shod  with  felt  and  leather)  fitted 
to  it,  so  arranged  as  to  sweep  the  bed  and  keep  the  composition  under 
the  runners.  One  plow  sweeps  against  the  outside  curb  immediately 
in  front  of  the  runner  that  travels  round  the  larger  circle ;  the  other  against 
the  "cheese"  or  inside  curb  immediately  in  front  of  the  runner  that 
travels  round  the  smaller  circle.  The  inside  of  the  outer  curb,  as  well 
as  the  outside  of  the  cheese  where  the  plows  work  and  rub  against  them, 
are  covered  with  copper  or  gun-metal. 

The  composition  attains  a  body  in  about  one  hour  after  the  ninners 
are  set  in  motion,  the  action  of  tiie  plows  in  moving  the  whole  of  the 
material  on  and  across  the  bed  thoroughly  mixes  it,  and  subjects  every 
particle  to  the  same  amount  of  pressure. 

Each  pair  of  runners  is  provided  with  a.  tell-tale  dial,  which  shows 
the  time  the  mill  has  to  run  and  the  condition  of  the  cake  from  time  to 
time.  From  three  to  four  hours  is  the  period  a  charge  should  be  on  the 
mill,  providing  the  engine  or  water-wheel  is  maintained  at  its  proper 
speed.  This  timing  of  5ie  charge  is  a  very  important  i)oint  in  the  manu- 
facture,#where  powder  of  an  equal  quality  is  required ;  the  attendant 
must  watch  for  any  change  in  the  atmosphere,  so  that  he  may  work  the 
charge  dry  or  moist,  according  to  the  humidity  of  the  air. 

The  charge  coming  from  the  mixing  machine  is  spread  equally  over 
^  the  bed  of  the  mill,  and  moistened  with  from  four  to  eight  pints  of  dis- 
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fled  water  by  a  fine  rose-ended  watering  pot,  the  quantity  being  regu- 
t^  according  to  the  state  of  the  atmosphere. 

The  cake  should  be  of  a  blackish-gray  color  when  broken,  of  a  uniform 
pearance  without  any  white  or  yellow  specks,  the  presence  of  which 
iild  indicate  insufficient  incorporation.  It  should  not  exceed  half  an 
ih  in  thickness,  in  order  te  be  thoroughly  incorporated,  nor  be  less 
kn  a  quarter  of  an  inch  thick,  te  insure  safety;  if  the  runners  are 
owed  to  come  in  contact  with  the  bed,  the  friction  caused  by  their 
[sting  action  is  so  great  that  an  explosion  would  almost  certainly 
ult. 

it  the  expiration  of  three  or  four  hours  the  charge  will  have  attained 
the  properties  of  gunpowder;  the  powder  will  not  be  improved  by 
ivier  runners  or  an  increase  of  speed.  For  fine  sporting  gunpowder, 
wever,  the  operation  of  incori^orating  is  continued  in  some  cases  for 
:ht  hours  and  with  heavier  roUers.  It  is  doubtful  whether  the  powder 
much  improved  thereby ;  the  purity  of  the  ingredients  is  of  more  con- 
laence ;  on  this  the  quality  of  the  powder  depends  much  more  than 
on  a  long  or  short  period  of  incorporation,  for  if  regularity  be  observed 
d  the  runners  are  of  one  size  and  weight,  and  the  charges  are  worked 
*  an  equal  length  of  time  and  under  the  same  conditions,  a  fairly  uni- 
rm  powder  will  result. 

A  method  for  testing  whether  the  incorporation  has  been  well  per- 
rmed  is  to  take  half  an  ounce  of  the  cake  granulated  by  hand  and 
ish  it  on  a  glass  plate ;  a  slight  residue  only  should  be  left  on  its 
iface. 

As  the  incorporating  mills  are  generally  in  groups,  it  is  necessary  to 
•event  explosions  spreading  amongst^the  mills.  This  is  very  eflfectually 
me  by  the  use  of  a  drenching  apparatus  which  consists  of  a  large 
lard,  acting  as  a  flapper,  placed  horizontally  over  each  pair  of  runners, 
lis  flapper  is  attached  to  a  shaft  running  throughout  the  entire  group 
mills,  and  in  connection  with  it,  and  immediately  over  each  set  of 
inners,  is  a  copper  cistern  holding  about  40  gallons  of  water,  so  ar- 
nged  and  i)oised  that  when  the  flapper  is  raised  by  an  explosion  the 
tch  is  disengaged  and  the  cistern,  overbalancing,  empties  its  contents 
K)n  the  mill.  This  does  not  prevent  damage  to  the  mill  in  which  the 
plosion  first  occurs  but  confines  the  damage  to  it.  In  addition,  an 
rangement  is  provided  whereby  the  attendant  can,  in  case  of  an  ex- 
Dsion  in  any  part  of  the  works  or  in  his  immediate  neighborhood,  up- 
t  the  cisterns  of  water  from  the  outside  and  thus  prevent  the  explosion 
reading. 

[n  a  well-constructed  incorporating  mill  all  movable  parts,  such  as 
Its,  nuts,  &c.,  are  fltted  with  the  greatest  care,  and  at  each  end  of  the 
kner  shaft,  and  also  over  and  under  the  cross-head  between  the  runners, 
ge  gun-metal  discs  or  drip-pans  are  fitted ;  these  not  only  prevent 
T  oil  or  greasy  matter  dropping  into  the  charge,  but  likewise  any  bolt, 
b,  or  pin  that  may  have  become  loose  in  the  vicinity  of  these  parts 
I  possibly  producing  an  explosion. 

fVhere  steam  is  employed  as  the  motive  power,  care  must  be  taken  at 
times  to  prevent  sparks  being  emitted  from  the  boiler  chimney;  this 
y  be  effected  in  several  ways,  either  by  using  anthracite  coal  or  coal 
1  coke  for  the  boiler  furnaee,  or  by  having  a  spark  cateher  or  arrester 
ed  inside  the  flue  at  the  base  of  the  chimney,  or  a  number  of 
fle-plates  placed  in  the  chimney  itself  in  a  zigzag  manner.  If  proper 
^cautions  are  taken,  and  the  flues  are  regularly  cleaned  out,  there  will 
no  risk  whatever  in  using  steam-power. 
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THE  BBEAKING-DDWN  MACHINE. 

The  powder  after  incorporation  is  taken  from  the  mills  in  open  tubs 
and  placed  in  small  magazines,  where  it  is  allowed  to  remain  for  a  day, 
to  give  the  viewer  time  to  examine  the  quality  of  the  cake,  and  to  com- 
pare the  production  of  one  mill  with  that  of  another,  for  it  is  found  that 
that  part  of  the  charge  which  has  been  subjected  to  the  last  few  revolu- 
tions of  the  runners  is  generally  a  little  drier  than  the  rest;  therefore, 
allowing  the  whole  to  remain  exposed  for  a  short  time  tends  to  equal- 
ize the  moisture,  two  or  three  per  cent,  of  which  greatly  assists  the  opera- 
tion of  pressing. 

The  incorporated  powder,  in  the  condition  of  soft  cake,  is  broken  in 
pieces  of  uniform  size,  so  that  the  spaces  between  the  plates  in  the  press- 
box  (hereafter  described)  may  be  equally  Med  and  the  powder  subjected 
to  the  same  amount  of  pressure  over  its  whole  surface.  Eeducing  the 
mill  cake  to  a  uniform  size  also  assists  in  mixing  any  portions  that  may 
be  more  dense  than  others. 

The  breaking  down  of  mill  cake  is  effected  by  the  breaking-down 
machine  (Plate  III,  Fig.  6),  which  consists  of  gun-metal  side  frames,  sup- 
porting two  pairs  of  gun-metal  rollers,  the  one  pair  being  immediat-ely 
under  the  other.  These  rollers  are  7J  inches  in  diameter,  and  have  a 
total  length  for  oi)erating  upon  the  cake  of  2  feet  6  inches.  The  surfaces 
of  the  upper  pair  have  grooves  of  1.05-inch  pitch,  cut  longitudinally  to  a 
depth  of  i  inch.  These  rollers  work  at  a  speed  of  25  revolutions  per 
minute,  and  motion  is  imparted  to  them  by  means  of  a  main  driving  shaft 
and  spur  gearing  connected  with  the  motive  power.  The  back  roller  of 
each  pair  works  in  a  sliding  bearing,  and  is  pressed  forward  to  its  opposite 
roller  and  kept  up  to  its  work  by  means  of  weighted  levers.  This  is  a 
safety  arrangement,  and  is  provided  in  order  to  admit  of  the  rollers 
opening  to  allow  any  large  quantity  of  the  cake,  a  hard  lump,  or  any 
foreign  substance,  to  pass  freely  through  thena,  thus  preventing  injury 
to  the  machinery,  and  possibly  an  explosion.  There  is  also  a  scraper 
attached  to  each  pair  of  rollers  for  removing  from  them  any  powder 
adhering  to  their  surfaces. 

To  prevent  the  dust  spreading  about  the  building,  the  rollers  are  in- 
closed in  sheet-copper  and  gun^met^  casings,  which  act  as  spouts  and 
guide  the  meal  into  boxes  placed  underneath  the  machine. 

The  working  of  the  machine  is  as  follows :  The  incorporated  "  mill- 
cake  "  brought  from  the  magazines  is  placed  in  a  wooden  hopper  holding 
about  700  pounds.  Under  the  open  side  of  this  hopper  works  an  endless 
band  of  strong  canvas,  having  strips  of  leather  stitched  across  it  at  4 
inches  apart.  This  band  presses  over  two  drums,  the  upper  one  being 
driven  from  the  gearing,  so  that  when  in  operation  this  band  revolves 
and  carries  a  portion  of  the  "  mill-cake''  with  it  from  the  hopper  and  dis- 
charges it  over  the  upper  drum  between  the  first  and  uppermost  pair  of 
rollers.  After  being  crushed  and  passing  through  these,  it  falls  into  the 
second  pair  immediately  underneath,  where  it  is  further  broken  up  into 
pieces  of  the  required  size.  From  these  it  falls  into  the  spout,  and  is 
conveyed  to  the  boxes  placed  underneath. 

When  the  hopi)er  has  been  filled  with  "  mill-cake"  the  attendant  re- 
tires to  a  place  of  safety,  and  then  starts  the  machine.  After  working 
for  about  half  an  hour,  which  is  sufficient  to  break  down  a  charge  of  700 
pounds,  he  stops  the  machine,  and  after  waiting  a  few  minutes  enters 
the  house,  empties  the  boxes,  and  removes  the  powder  before  refiUing 
the  hopper. 


REPORT  OF  THE  CHIEF  OF  ORDNANCE.         103 

The  meal,  as  taken  from  the  boxes,  is  conveyed  in  tubs  and  placed  in 
other  small  magazines,  from  whence  it  is  taken  to  the  press-house. 

All  these  dangerous  operations  are  carried  on  in  separate  buildings, 
well  removed  from  each  other ;  as  a  matter  of  precaution  the  machine  is 
entirely  constructed  of  gun-metal  and  wood,  except  the  shafts,  which 
are  of  wrought  iron  incased  in  copper. 

THE  HYDRAULIC  PRESSING  APPARATUS. 

The  last  operation  and  that  of  pressing  the  meal  into  a  solid  cake  is 
for  the  purpose  of  fitting  it  to  be  made  into  a  hard  grain  of  equal  density. 
Fhe  powder  is  brought  from  the  small  magazines  to  the  press-house, 
rhere  it  is  compressed  into  hard  cake.  Many  advantages  are  gained 
\)j  this  operation.  First,  the  cake  when  made  into  grain  of  the  required 
»ze  absorbs  less  moisture  from  the  atmosphere,  the  lasting  ^[ualities  of 
the  powder  are  much  increased,  especially  if  glazed ;  again,  by  having 
l>een  compressed  the  powder  is  less  liable  to  be  reduced  to  dust  in  trans- 
port. By  a  closer  connection  of  the  ingredients  a  larger  volume  of  gas 
is  produced,  bulk  for  bulk,  than  from  a  soft  light  powder ;  it  also  pro- 
inces  more  grain  than  could  be  obtained  from  ''miil-cake  ^  not  pressed; 
lihere  is  less  waste  by  dust,  and  in  addition  to  this  a  hard  clean  grained 
powder  does  not  foul  the  gun  so  much  as  a  soft  powder. 

For  compressing  the  meal  powder  into  "  press-cake  "  a  powerful  hy 
draulic  press  (Plate  III,  Fig.  7)  is  employed.  The  apparatus  for  holding 
the  meal  consists  of  a  very  strong  gun-metal  box  incased  on  the  outer 
and  inner  sides  with  oak ;  it  is  2  feet  square,  and  2  feet  6  inches  deep ; 
the  bottom  and  one  side  are  permanently  fixed  to  each  other,  but  the 
otiier  sides  are  hinged  to  the  bottom  to  allow  of  their  being  opened ; 
when  shut,  these  sides  are  fcmly  held  together  by  strong  coarse-threaded 
metal  screws. 

The  box,  when  about  to  be  filled,  is  laid  on  its  side  in  front  of  the 
press,  and  the  uppermost  side  is  opened  and  laid  back.  Two  guide 
racks  of  gun-metal,  with  wooden  ribs  on  them,  forming  a  number  of 
grooves  one-tenth  of  an  inch  in  width  and  five-eighths  of  an  inch  apart, 
^  hung  on  the  inside  of  the  box  to  those  sides  that  have  not 
^n  opened  |  into  these  grooves  a  series  of  gun-metal  plates  one-tenth 
fan  inch  thick  are  slid.  The  spaces  between  the  plates  are  filled  with 
ie  meal  powder,  the  racks  are  withdrawn,  leaving  the  plates  supported 
^  their  position  by  the  powder  between  them.  The  third  side,  which 
M  remained  open,  is  then  lowered  down  and  screwed  fast  up  to  the  two 
ties  already  in  position.  The  box  is  provided  with  two  projecting  gun- 
etal  claws  that  fit  into  a  mandrel  attached  to  the  front  of  the  press ; 
)oii  this  mandrel  the  box  is  now  turned  by  means  of  overhead  tackle, 
e  mandrel  being  so  adjusted  that  when  the  box  is  raised  partly  into  a 
irtical  position  it  is  pushed  over  and  lowered  down  exactly  on  the  cen- 
r  of  the  press  table.  Attached  to  the  press  cross-head  are  two  over- 
tad  rails,  carrying  a  large  block  of  hard  wood,  which  is  hung  and  travels 
xm  these  rails  by  four  wheels ;  when  the  box  is  turned  over  on  its  side 
r  the  purpose  of  filling,  this  block  is  drawn  back  to  the  extremity  of 
e  raife,  and  when  the  box  is  filled  and  replaced  on  the  table  and  in 
le  proper  position  for  pressing,  the  block  is  drawn  forward  until  it  ar- 
ve^s  exactly  over  the  center  of  the  box,  where  it  is  retained  by  a  catch. 
The  press  is  now  put  in  motion  by  means  of  pumps,  driven  by  steam, 
ater,  or  hand  power  in  separate  buildings,  on  the  opposite  side  of  a 
igh  traverse  that  divides  one  from  the  other.  In  the  pump-house  the 
:tendants  remain  in  safety  while  the  pressing  is  being  done. 
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The  pumps  of  the  description  generally  used  are  fitted  with  large  and 
small  plungers.  At  first,  when  the  material  to  be  pressed  is  soft,  the 
large  plungers  are  used  and  the  box  raised  rapidly ;  but  when  the  press 
has  traversed  about  three-fourths  of  its  distance  the  smaller  ones  are 
worked  until  such  time  as  the  powder  is  subjected  to  a  pressure  of  70 
tons  per  square  foot. 

When  the  pumps  are  first  put  in  motion  one  of  the  attendants  remains 
in  the  press-house  for  a  short  time  to  see  that  the  block  enters  the  box 
fairly,  and  that  it  is  in  the  center ;  a  clearance  of  about  a  quarter  of  an 
inch  is  allowed  all  round  between  it  and  the  box.  If  all  is  in  order,  the 
attendant  retires  to  the  pump-house  when  the  requisite  pressure  has 
been  obtained ;  the  press  is  allowed  to  stand  for  a  few  minutes  to  allow 
the  air  to  escape  and  the  powder  to  consolidate.  Should  the  pressure 
go  down  from  this  cause,  the  pumps  are  again  set  in  motion  until  the 
full  i)ressure  is  attained ;  after  allowing  a  few  minutes  to  elapse,  the  es- 
cape-valve is  opened  and  the  ram  with  the  box  descends.  The  over- 
head block  is  now  run  back  out  of  the  way,  the  box  turned  over  on  its 
side,  all  the  fixing  screws  removed,  the  uppermost  side  is  lifted  up  and 
turned  over,  and  the  other  two  are  opened  out.  The  powder,  with  the 
gun-metal  plates,  will  be  ibund  standing  like  a  solid  mass  on  the  side 
of  the  box  underneath. 

The  plates  and  powder  cakes  are  separated  by  copper  chisels,  the 
cake — ^being  from  three-eighths  of  an  inch  to  one-half  inch  thick,  like  slabs 
of  slate — is  broken  into  piece^s  about  the  size  of  a  man's  hand,  by  wooden 
mallets;  is  collected,  put  into  tubs,  and  removed  to  the  next  magazine 
and  allowed  to  remain  for  two  or  three  days;  this  renders  it  so  hard 
that  it  is  not  easy  to  break  it. 

Some  difficulty  is  experienced  in  obtaining  precisely  the  same  density 
in  the  pressed  powder;  any  great  difierence  in  this  particular  causes  the 
powder  to  vary  considerably  in  quality  and  strength;  in  fact,  until  the 
greatest  precision  and  certainty  are  obtained,  fi^st,  in  purifying  the 
ingredients,  and,  secondly,  by  an  equally  precise  amount  of  incorporat- 
ing and  pressing,  uniformity  in  the  quality  and  strength  of  the  powder 
manufactured  cannot  be  secured. 

THE  GRANULATING  MACHINE. 

The  machine  used  for  granulating  the  pressed  cake  is  somewhat  sim- 
ilar in  construction  to  the  breaking-down  machine;  it  is  fitted  with  lour 
pairs  of  cutting  rollers,  and  rectangular  screens  below  the  three  upper 
pairs :  these  screens  convey  any  grain  not  properly  reduced  by  the  one 
set  or  rollers  to  the  next  under  them. 

The  machine  (Plate  IV,  Fig.  8)  is  composed  of  two  side  frames  of  gun- 
metal,  which  carry  the  rollers,  screens,  and  other  moving  parts.  The 
rollers  are  placed  in  pairs  at  an  inclination  of  about  33^,  and  have  a 
vertical  height  of  2  feet  5  inches  between  each  pair;  they  are  7  inches 
in  diameter,  and  make  from  25  to  30  revolutions  per  minute,  thus  giving 
a  speed  of  about  48  feet  per  minute  to  their  toothed  surface,  the  length 
of  which  for  operating  upon  the  powder  is  2  feet  6  inches.  The  press- 
cake  is  fed  to  the  machine  by  an  endless  band  at  the  rate  of  about  30 
pounds  per  minute.  The  teeth  in  the  several  pairs  of  rollers  vary  in 
size  and  form ;  those  on  the  upper  rollers  are  diamond-shaped,  standing 
out  from  the  surface  of  the  rollers;  these  teeth  are  a  quarter  of  an  inch 
apart  and  the  same  in  depth,  and  so  arranged  that  those  in  the  one 
roller  work  into  the  spaces  of  the  other. 

The  second  pair  of  rollers  have  smaller  teeth,  but  of  the  same  form  aa 
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the  upper  pair;  they  axe  a  quarter  of  an  inch  apart,  but  only  one-eighth 
of  an  inch  in  depth. 

The  teeth  of  the  third  and  fourth  pairs  are  differently  shaped ;  in  these 
tJiey  are  formed  by  cutting  V-shaped  ribs  longitudinally  along  the  rollers 
^nd  rectangular  grooves  a  quarter  of  an  inch  apart  by  one-eighth  of  an 
inch  in  depth  around  their  circumferences.  The  ribs  of  the  one  roller 
work  into  the  grooves  of  the  other,  and  vice  versa,  and  their  top  and 
[)ottom  edges  are  slightly  rounded. 

On  the  side  bearings,  and  behind  each  roller,  there  is  fixed  a  scraper, 
he  edge  of  which  is  provided  with  teeth  corresponding  with  the  grooves 
n  the  rollers,  so  that  as  the  latter  revolve,  any  powder  adhering  to  them 
8  cleared  out. 

The  back  roller  of  each  pair  is  provided  with  a  sliding  bearing  and  is 
pressed  forward  towards  the  front  roDers  by  weighted  levers ;  this  ar- 
rangement admits  of  their  opening  when  necessary,  and  permits  a  glut 
of  cake  or  any  other  hard  material  to  pass  them  with  safety.  This  is  a 
^ery  essential  point,  inasmuch  as  the  process  of  granulating  is  one  of 
the  most  dangerous  in  the  whole  manufacture  of  gunpowder.  All  the 
rollers  are  inclosed  in  copper  covers  for  confining  the  dust  from  the  cake,, 
and  preventing  its  spreading  over  the  granulating  house. 

Three  screens,  one  under  each  set  of  rollers,  for  conveying  the  broken 
cake  from  one  pair  to  the  next,  are  placed  at  an  inclination  of  about  28^, 
and  consist  of  copper-wire  gauze  of  eight  meshes  to  the  inch ;  under- 
neath, and  embracing,  all  Qie  rollers  are  three  tiers  of  light  separating 
screens,  contained  within  a  deep  frame  set  at  an  angle  of  32^.  The  up- 
per screen  is  of  copper- wire  gauze  of  eight  meshes  to  the  inch }  the  sec- 
ond of  sixteen  meshes  to  the  inch,  while  the  third  is  a  very  fine  (nearly 
close)  screen,  and  receives  the  dust  from  the  upper  ones  and  conveys  it 
into  a  bag. 

The  separating-screen  frame  is  slung  from  the  gun- metal  framing  of 
the  machine  by  Ught  springs  made  of  lance-wood.  The  screens  them- 
selves are  also  carried  from  the  frame  by  the  same  means,  and  the  whole 
has  a  longitudinal  movement  given  to  it  of  182  vibrations  per  minute^ 
produced  by  polygonal  wheels  on  the  driving  shaft,  which  press  against 
cireolar  but  loose-running  wheels  attached  to  the  separating-screen 
^^stme.  The  surfaces  of  these  wheels  are  kept  in  contact  by  the  weight 
•f  the  screen. 

llie  process  of  granulating  the  press-cake  is  as  follows :  The  cake,  hav- 
Uk^  been  broken  into  pieces,  is  put  into  a  wooden  hopper,  which  holds 
^  pounds ;  the  side  of  this  hopper  next  the  inclined  frame  is  open  to 
i^hoot — the  hopper — when  the  machine  is  at  work ;  moves  slowly  up 
Us  inclined  frame,  the  speed  being  regulated  so  as  to  suit  that  of  an 
^dless  feed-band  made  of  canvas,  with  strips  of  leather  sewn  across  it. 

A  rope  set  in  motion  by  one  of  the  machine  shafts  in  connection  with 
worm  and  wheel  is  used  to  raise  the  hopper^  the  cake  in  which,  fall- 
ig  through  the  shoot  on  to  the  endless  band,  is  carried  forward  to  the 
pX)ermost  or  first  pair  of  rollers.  From  these  it  is  conducted  to  each 
ttccessive  pair  by  the  screens,  and  these  having  a  quick  vibrating  mo- 
on, allow  any  grain  that  has  been  broken  small  enough  to  pass  through 
[lem  into  the  upper  long  separating  screen  in  the  frame  underneath. 
>uch  grain  as  is  too  large  to  go  through  any  of  the  screens,  called 
chucks,''  is  collected  and  passed  through  the  machine  a  second  time, 
'he  grain  which  passes  the  upper,  or  eight-mesh  long  screen,  is  used 
Dr  common  powder ;  that  which  passes  tiirough  the  sixteenmesh  long 
creen  is  suitable  for  rifle  or  small-arm  powder ;  and  that  which  passes 
hrough  into  the  lower  screen  is  dust.    The  powder  as  it  falls  from  the 
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surface  of  the  different  screens  is  collected  in  separate  boxes  placed  un- 
derneath the  machine. 

When  the  hopper  has  reached  the  limit  of  its  travel  upwards,  and  all 
the  cake  has  passed  on  to  the  feeding  band,  which  it  will  do  in  from 
twenty-five  to  thirty  minutes  after  the  machine  has  been  set  in  motion, 
the  hopper  acts,  by  a  self-acting  arrangement,  on  a  clutch,  which  throws 
the  rope  wheels  out  of  gear,  and  thus  stops  the  further  travel  of  the 
hopper,  while  a  counterbalance  weight  prevents  its  descent.  At  the 
same  time  that  the  clutch  throws  the  wheel  out  of  gear,  it  relieves  a 
catch  connected  with  a  wire  spring  and  bell;  the  latter  ringing  in  the 
bomb-proof  house,  where  the  workmen  remain  while  the  machine  is  in 
operation,  gives  notice  that  the  hopi)er  is  empty.  After  allowing  about 
five  minutes  for  the  band  and  machine  to  become  quite  empty,  the  ap- 
paratus is  stopped,  and  the  attendants  leaving  their  place  of  safety 
enter  the  granulation  house  and  empty  the  grain  from  the  several  boxes 
into  tubs  for  removal.  No  one  is  permitted  to  enter  the  granulating 
house  while  the  machine  is  working,  and,  as  a  further  precautionary 
measure,  the  attendants  or  others  who  have  occasion  to  enter  the  house 
at  other  times  wear  sewn  hide-leather  boots. 

After  all  the  powder  is  removed,  the  hopper  is  let  down  to  its  proper 
place  and  refilled  with  cake,  and  the  machine  is  again  ready  for  use; 
the  attendants  leave  the  granulating  house,  from  the  bomb-proof  build- 
ing set  the  machine  in  motion,  and  remain  under  cover  until  the  bell 
again  rings,  when,  after  a  few  minutes,  they  stop  the  machine ;  the 
starting  ana  the  stopping  are  done  in  the  bomb-proof  house. 

When  fine-grain  powder  is  required,  rollers  with  smaller  teeth  are 
used,  together  with  screens  of  24  and  32  meshes  to  the  inch ;  the  dust  pro- 
duced by  this  machine,  as  well  as  from  all  the  others,  is  collected  and 
taken  to  the  incorporating  mill,  where  50  pounds  of  it  is  spread  out  on 
the  bed ;  after  being  well  damped  it  is  worked  under  the  edge  runners 
for  about  one  hour ;  it  is  then  fit  to  be  sent  forward  to  the  breaking-down 
machine,  the  press,  and  other  subsequent  operations.  The  quantity  of 
dnst  produced  varies  considerably  according  to  the  condition  of  the 
teeth  of  the  granulating  rollers ;  if  they  are  much  worn,  or  become  foul, 
as  they  are  apt  to  do  during  damp  weather,  the  quantity  of  dust  will  be 
considerably  increased,  or,  if  only  fine-grain  powder  is  being  made,  the 
percentage  of  dust  wiU  be  great. 

As  in  the  case  of  the  breaking-down  machine,  so  mth  the  granulating 
machine,  no  iron  or  steel  is  exposed,  and  indeed  there  is  very  little  of 
either  used  in  its  construction,  the  shafts  and  bed-plate  being  the  only 
I>arts  made  of  these  metals ;  the  former,  as  well  as  the  whole  floor  of  the 
granulating  house,  is  covered  with  soft  leather-hide,  and  the  shafts  are 
all  encased  in  copper  or  gun-metal.  The  side  frames,  rollers,  wheels, 
bolts,  nuts,  and  all  other  parts  of  the  machine  are  made  of  gun-metal, 
copper,  or  wood. 

A  machine  of  the  size  described  is  capable  of  granulating,  from  130  to 
140  barrels  of  gunpowder  per  day  of  twelve  hours,  each  barrel  to  hold 
100  pounds. 

THE  DUSTING  REELS. 

The  large-grain  powder  from  the  granulating  house  is  called  "  foul 
grain,"  owing  to  its  containing  a  large  percentage  of  dust  that  has  been 
produced  under  the  granulating  process,  for,  although  a  great  deal  of  it 
is  removed  from  the  powder  by  means  of  the  lower  long  sixteen  mesh 
screen  attached  to  the  granulating  machine,  still  the  powder  contains  a 
considerable  quantity,  and  the  object  of  passing  it  through  the  dusting 
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ds  is  to  entirely  remove  what  remains,  and  at  the  same  time  to  rub 
>wn  the  rough,  uneven  surfaces  of  the  grain,  and  thus  prevent  its  becom- 
g  dusty  again  in  course  of  transport.  Dust  in  powder  is  very  injurious, 
;  it  absorbs  moisture  from  the  atmosphere  very  readily,  which  affects 
le  whole  mass. 

The  dust  is  removed  from  large-grain  powder  by  horizontal  reels  (Plate 
r,  Fig.  9);  these  are  cylindrical  wooden  skeletons,  supported  upon  a 
mtral  shaft  by  radial  arms,  the  i)eriphery  of  the  cylinder  being  covered 
ith  canvas,  having  twenty-four  meshes  per  inch.  The  reel  is  about 
feet  long  by  2  feet  6  inches  in  diameter ;  the  wooden  skeleton  is  made 
I  halves  so  that  it  may  be  easily  removed  for  recovering.  The  ends 
re  closed  by  disks,  secured  upon  the  main  central  shaft,  and  one  end  is 
)  constructed  that  it  can  be  opened  or  dra^yn  back  for  the  puriK>se  of 
nloading  the  reel. 

When  about  to  be  filled,  the  reel  is  turned  round  until  the  charging 
oor  is  directly  under  the  feeding  hopper ;  into  this  three  barrels  of  foid 
rain  are  emptied,  and  when  it  has  all  passed  through  the  hopper,  the 
oor  of  the  reel  is  closed  and  fastened,  the  reel  is  set  to  work  at  fttjm  40 
o42  revolutions  per  minute  and  kept  in  motion  for  about  half  an  hour : 
t  the  end  of  this  time  it  will  be  found  that  the  whole  of  the  dust  mil 
lave  passed  through  the  meshes  of  the  canvas  covering,  and  will  be 
dng  at  the  bottom  of  the  outer  wood- work  casing  in  which  the  reel  is 
aclosed,  in  order  to  prevent  the  dust  spreading  over  the  house. 
When  a  number  of  reels  are  used,  they  are  all  driven  from  one  main 
ihaft  which  receives  its  motion  from  the  water-wheel  or  steam-engine, 
nd  each  reel  is  provided  with  a  separate  clutch,  so  that  any  one  may  be 
topped  or  set  in  motion  without  affecting  the  others. 
When  the  reel  has  run  the  requisite  time  it  is  stopped,  and  the  one 
Old  lowered  about  10  inches ;  the  disk  at  the  lower  end  is  slackened  back 
nficientiy  to  allow  the  powder  to  run  out  into  barrels,  which  it  will 
lo  when  the  reel  is  again  set  in  motion :  when  quite  empty,  the  disk  is 
^ain  screwed  tightiy  up  to  the  end,  ana  the  reel  raised  to  its  horizontal 
osition  ready  for  refilling.  By  this  operation  the  dust  is  not  only  taken 
ixmi  the  powder,  but  the  grain,  from  being  rolled  over,  has  its  rough  sur- 
ices  rubbed  off,  and  in  the  case  of  large-grain  powder,  a  sufficient  gloss 
imparted  without  its  having  to  be  pass^  through  the  glazing  barrels. 
The  fine-grain  powder  used  for  rifle  or  small  arms  has  a  much  larger 
t>portion  of  dust  than  the  large-grain  powder,  and  is  therefoi^  dusted 
what  is  termed  a  "  slope-reel,"  which  consists,  as  in  other  reels,  of  a 
:eleton  frame  of  wood  fixed  by  radial  arms  on  a  central  shaft^  and  lies 
an  incline  of  l|^-inch  per  foot ;  the  covering  of  this  fiume  is  of  very 
le  canvas,  having  forty- four  meshes  per  inch,  and  the  reel  in  this  case 
^  no  ends;  it  is  also  much  smaller  than  the  horizontal  reel,  being  only 
inches  in  diameter  by  8  feet  in  length,  and  is  driven  at  38  revolutions 
r  minute. 

The  fine-grain  powder,  as  it  leaves  the  granulating  machine,  is  brought 
►m  the  magazine  and  placed  in  the  feeding  hopper,  to  which  is  fixed  a 
►se  spout  for  guiding  the  powder  to  the  reel.  Attached  to  the  central 
ift  are  three  ribs  or  cams  which,  as  the  reel  revolveSj  come  in  contact 
bh  and  shake  the  loose  guiding  spout,  imparting  to  it  135  vibrations 
r  minute,  thereby  effectually  keeping  it  clear,  the  fine-grain  i>owder  at 
IS  stage  being  very  apt  to  choke  up  the  hopper  and  spout, 
As  the  powder  passes  through  the  reel  when  in  motion  it  is  collected 
a  tub  at  the  lower  end;  fi^om  this  it  is  emptied  back  again  into  the 
pper  and  passed  through  the  reel  a  second  time ;  this  operation  is 
netimes  performed  a  third  time.    The  fine-grain  thus  treated,  being 
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only  about  one  minute  in  the  reel,  has  had  no  gloss  imparted  to  it ;  the 
glazing  is  effected  by  passing  it  through  a  glazing  barrel  before  it  is 
ready  for  the  drying-stove. 

THE  GLAZING  BARREL. 

Some  manufacturers  glaze  large-grain  powder  by  using  black-lead, 
about  half  an  ounce  to  every  100  pounds  of  powder.  The  black-lead, 
with  the  powder,  is  put  into  a  glazing  barrel ;  about  one  hour  is  found 
sufficient  to  polish  the  grain.  Black-lead  is  also  sometimes  used  with 
the  fine-j^rain  powder;  although  its  use  has  some  advantages,  as  lessen- 
ing the  formation  of  dust,  and  preventing  moisture  from  affecting  the 
powder  so  readily,  still  it  i^  an  impurity,  and  should  be  used  sparingly. 

Eecently  plumbago  has  been  used  for  glazing,  and  if  pure  is  preferred 
to  black-lead;  a  little  more  than  half  the  quantity  is  sufficient  to  give  a 
perfect  glaze  to  the  powder,  and  protect  it  more  effectually  fix)m  the 
action  of  moisture. 

The  apparatus  used  for  glazing  fine-grain  powder  is  placed  in  the  same 
house  as  the  dusting  reel.  It  consists  of  a  wooden  barrel  supported 
and  attached  to  a  shaft  running  through  its  center,  and  the  whole  re- 
volves at  40  revolutions  per  minute.  The  barrel  is  generally  made  of 
oak,  and  about  5  feet  long  by  3  feet  6  inches  in  diameter  at  the  center. 

A  set  of  glazing  barrels  consists  of  four,  each  pair  supported  on  a 
shaft.  These  shafts  are  of  wrought  iron,  covered  on  the  inside  of  the 
barrels  with  wood,  and  receive  their  motion  by  means  of  bevel  gearing 
direct  from  a  main  shaft.  The  barrels  are  inclosed  in  wooden  casings 
with  feeding  hoppers  on  the  top.  Into  each  hopper  400  pounds  of  pow- 
der is  emptied;  the  barrels  are  turned  with  their  doors  uppermost,  to  re- 
ceive the  contents  of  the  hoppers.  The  apparatus  is  set  in  motion  and 
runs  from  five  to  six  hours,  a  fine  gloss  being  imparted  to  the  powder  by 
the  friction  of  the  grains  against  each  other,  the  sharp  angles  and  cor- 
ners are  rubbed  off,  and  the  powder  improved  for  storage  or  for  trans- 
port. 

Each  pair  of  barrels  can  be  stopped  or  put  in  motion  at  pleasure,  by 
throwing  a  clutch  in  or  out  of  gear ;  they  are  brought  to  rest  with  their 
doors  downwards.  These  being  unfastened  and  opened,  the  powder  is 
delivered  into  casks.  The  operation  produces  a  smaU  quantity  of  dust, 
which  is  removed  by  passing  the  glazed  powder  once  through  a  slope 
reel. 

At  this  stage  of  manufacture,  powder  contains  a  degree  of  moisture 
which  must  be  extracted  before  the  powder  is  fit  for  use  or  for  storage ; 
this  is  effected  in  the  drying  stove,  where  both  fine  and  large  grain  pow- 
der can  be  dried  at  the  same  time. 

THE   DRYING   STOVE. 

The  drying  stove  is  a  close  chamber  heated  to  a  high  temperature  by 
steam ;  the  doors  and  windows  of  the  building  are  double  to  prevent  the 
loss  of  heat ;  the  interior  is  fitted  with  an  open  framework  of  wood  to 
support  the  trays  upon  which  the  powder  is  spread.  A  series  of  cast- 
iron  steam  pipes  (Plate  V,  Fig  10),  of  twenty-two  lengths,  each  about  11 
feet  long,  with  an  external  diameter  of  7^  inches,  are  laid  a  few  inches 
above  the  floor ;  these  pipes  are  arranged  horizontally,  with  an  inclina- 
tion of  1  inch  in  11  feet  from  the  end  where  they  are  connected  to  the 
main  steam  supply  pipe,  which  is  in  direct  communication  with  the  boiler; 
the  quantity  and  supply  of  steam  is  regulated  by  a  stop  valve. 
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As  the  steam  condenses,  the  water  runs  through  a  small  wrought-iron 
pipe  attached  to  the  ends  of  the  large  ones ;  these  drain  pipes  are  bent 
BO  as  to  allow  for  the  expansion  and  contraction  of  the  large  pipes,  each 
length  of  which  is  supported  on  four  rollers  fitted  into  cast-iron  brackets, 
i^lowing  ficeedom  of  motion  laterally.    The  small  pipes  conduct  the  dis- 
tilled water  into  a  main  cast-iron  pipe  which  conveys  it  into  a  close 
tank,  whence  it  is  takei^  to  the  incorporating  mills  and  used  for  dampen- 
ing the  charges.    The  drying  stove  is  about  32  feet  in  length  by  30  feet 
in  width,  and  from  10  to  11  feet  in  height ;  affords  about  10  cubic  feet  of 
apace  to  every  square  foot  of  heating  sur&ce. 

A  wooden  staging  erected  immediately  over  the  pipes  supports  the 
iarays ;  these  are  wooden  frames  with  canvas  bottoms,  each  being  3  feet 
in  length  by  2  feet  6  inches  in  width,  and  about  1^  inches  deep,  upon 
each  of  which  firom  6  pounds  to  8  pounds  of  gunpowder  is  spread  out 
evenly.  The  stove  contains  256  trays,  and  from  30  to  40  barrels  of  pow- 
der can  be  dried  at  one  time. 

It  requires  about  four  hours  to  heat  the  stove  to  a  temperature  of  130^ 
Fahr.,  to  which  the  i)owder  is  subjected.  The  temperature  is  observed 
without  entering  the  drying  stove  by  a  large  thermometer  inside  the 
window.  The  powder  is  subjected  to  the  full  heat  for  sixteen  to  eighteen 
hours,  the  stop  valve  then  closed,  and  the  chamber  allowed  to  cool.  In 
two  to  three  hours  the  trays  may  be  removed.  One  stove  can  dry  a  fall 
charge  every  twenty-four  hours ;  if  the  factory  is  large  two  stoves  are 
requ&ed,  with  the  steam  boiler  between  them  to  work  them  alternately. 
The  heat  must  be  applied  slowly  or  the  texture  or  shape  of  the  grain  is 
apt  to  change  by  being  cracked  or  burst  into  pieces.  The  moisture 
mnst  be  carried  away  as  it  arises,  to  prevent  injury  to  the  grain ;  the 
roof  and  bottom  of  the  drying  stove  have  ventilators  for  its  escape.  The 
ventilators  can  be  opened  fi-om  the  outside.  When  no  more  vapor  arises, 
the  ventilators  are  closed  and  the  powder  subjected  to  the  hot  dry  air  a 
few  hours  before  opening  the  doors. 

In  drying  powder  a  small  quantity  of  dust  is  produced,  which  is  re- 
moved by  a  dusting  wheel.    Large  grain  powder  is  reeled  for  half  an 
hour  in  a  horizontal  reel  covered  with  canvas,  having  twenty-four 
meshes  to  the  inch,  to  clean  it  from  dust  and  give  a  fine  £iished  gloss. 
Fine-grain  powder  is  run  for  two  hours  through  a  similar  slope-reel 
covered  with   canvas,  having  twenty  eight  meshes.    It  is  put  in  barrels 
Provided  with  copper  or  ash  hoops,  the  heads  of  which  are  branded  with 
fte  size  and  kind  of  powder.    The  gunpowder  is  now  ready  for  use  or 
^t^)rage. 

In  a  given  quantity  of  "mill-cake''  the  proportions  obtained  are  as 
*oilows :  About  seven-tenths  large  grain,  two-tenths  fine  grain,  and  one- 
^nth  dust ;  in  damp  weather,  however,  these  proportions  are  somewhat 
"Altered,  the  dust  being  considerably  increased. 

PACKING. 

Grovemment  powder  is  packed  in  barrels  of  100  pounds  each.  Powder 
barrels  are  made  of  well  seasoned  white  oak,  and  hooped  with  hickory 
%)T  cedar  hoops,  which  should  be  deprived  of  their  bark ;  the  cedar  is  not 
so  liable  as  hickory  or  white  os^  to  be  attacked  by  worms,  and  it  should 
therefore  be  used  in  preference ;  or  the  hoops  may  be  prepared  by  im- 
mersion in  a  solution  of  corrosive  sublimate.  The  hoops  should  cover 
two-thirds  of  the  barrel.  Fine  grain  powders  may  be  packed  in  canvas 
bi^  before  being  barreled.  Instead  of  a  bung  on  the  side,  a  screw-hole 
1^  inches  in  diameter  is  made  In  the  head  of  the  barrel,  for  mortar  and 
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musket  i)owder ;  it  is  closed  by  a  wood-screw  with  an  octagonal  head, 
which  mnst  not  project  beyond  the  ends  of  the  staves :  under  the  head 
of  ihe  screw  is  a  washer  of  thin  leather,  steeped  in  a  solution  of  beeswax 
in  spirits  of  turpentine.  This  screw-plug  renders  it  unnecessary  to  take 
out  tiie  head  of  the  barrel,  and  the  hoops  may  therefore  be  secured  witii 
copper  nails;  for  transx)ortation,  a  piece  of  cloth  should  be  glued  over 
the  head  of  the  plug.  Some  barrels  have  been  made  with  six  copper 
hoops,  and  others  with  four  copper  and  eight  or  ten  cedar  hoops ;  the 
copper  hoops  are  one  inch  wide  and  one-eighth  of  an  inch  thick,  fastened 
with  two  rivets  and  nailed  each  with  three  copper  nails  0.625  inch  loag. 
Average  weight  of  a  hoop  2 J  pounds. 

Powder  bc«es  lined  with  galvanized  iron  and  copper  with  large  screw 
lids  are  now  on  trial,  holding  100  pounds. 

It  has  been  found  that  liimig  powder  barrels  with  India-rubber  cloth 
has  an  injurious  efi'ect  on  the  powder  in  consequence  <of  the  affinity  of 
the  caoutchouc  for  sulphur. 

The  heads  of  powder  barrels  are  painted  black  in  order  to  show  the 
marks  more  plainly  in  dark  magazines. 

DIMENSIONS  OF  POWDER  BARRELS. 

Whole  length  ...^ .' • 20.5  inches. 

Length,  interior,  in  the  clear Id     inches. 

Interior  diameter  of  head 14      inches. 

Interior  diameter  of  bUge 16      inches. 

Thickness  of  the  staves  and  heads 0.5  Inch. 

Weight  of  the  barrel.... 25  pounds. 

The  barrels  have  generally  12  hoops,  14  to  16  staves,  and  two  or  three 
pieces  in  each  head.  The  dimensions  are'  snch  that  with  100  pounds  of 
powder  there  shall  be  a  vacant  space  in  the  barrel  to  allow  for  shaking 
to  prevent  caking.  The  barrel  will  hold  about  120  pounds  settled  l^ 
shaking. 

INSPECTION  OF  POWDEE. 

The  inspector  of  gunpowder  should  satisfy  himself  before  its  reception 
as  to  the  purity  of  the  ingredients  employed  by  the  manufacturers,  and 
tliat  their  proper  preparation  and  careful  manipulation  through  all  the 
various  stages  of  manufacture  have  been  rigidly  observed. 

Before  powder  for  the  military  service  is  received  from  the  manufac- 
turer, it  is  inspected  and  proved.  For  this  purpose  at  least  50  barrels 
are  thoroughly  mixed  together.    One  barrel  of  this  is  proved. 

Musket  powder  should  be  fired  three  rounds  with  service  charges. 

Mortar  and  cannon  powder  should  be  fired  three  rounds  with  heaviest 
charges  in  a  field  and  siege  gun  respectively. 

Mammoth,  hexagonal,  cubical,  prismatic,  or  other  special  powders, 
three  rounds  with  battering  charges  from  the  guns  in  which  these 
powders  are  to  be  used. 

The  density  and  granulation  of  the  powder,  as  well  as  the  velocity  and 
pressure  obtained  in  its  proof,  should  conform  to  the  Ordnance  regula- 
tions in  these  respects,  for  the  particular  service  or  piece  for  which  the 
powder  is  required,  within  the  allowed  limits  of  variation. 

aENEBAI.  QtrALITIES. 

Gunpowder  should  be  of  an  even-sized  grain,  angular  and  irregular  in 
form,  without  sharp  comers  and  very  hard.  When  new,  it  should  leave 
no  trace  of  dust  when  poured  on  the  back  of  the  hand,  and  when  fiashed 
in  quantities  of  10  grains  on  a  copper  plate  it  should  leave  no  bead  or 
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foulness.  It  should  give  the  required  initial  velocity  to  the  ball,  and 
not  more  than  the  maximum  pressure  on  the  gun,  and  should  ab^i^ 
but  little  moisture  from  the  air. 

SIZE  OF  GRAIN. 

The  size  of  the  grain  is  tested  by  standard  sieves  made  of  sheet  brass 
pierced  with  round  holes.  Two  sieves  are  used  for  each  kind  of  powder^ 
Nos.  1  and  2  for  musket,  3  and  4  for  mortar,  5  and  6  for  cannon,  and  7 
and  8  for  mammoth  powder. 

A  comjmct  shape  of  grain,  approaching  the  cube  or  sphere,  is  desira- 
Ue.  Elongated  flat  scales  are  objecticHiable.  The  number  of  grains  in 
several  weighed  samples  should  be  counted. 


I^o.  2,  0.06  in. 
No.  4,  0.26  in. 
No.  6,  0.6  in. 

Ko.  8,  0.9  in. 


Diameter  of  holes  for  musket-powder Ko.  1,  0.03  in. 

Diameter  of  holes  for  mortar-powder Ko.  3,  0.10  in. 

Diameter  of  holes  for  cannon-powder Ko.  6,  0.26  in. 

Disumeter  of  holes  for  mammoth-powder  .  .No.  7,  0.76  in. 
Hexagonal,  ^  Dimensions  of  these  powders  vary  with  the  caliber  of  the 
Gnbical,         >     gun  in  which  they  are  used,  and  have  not  as  yet  been 
Prismatic.     )     definitely  determined  upon  in  our  service. 

ORAVIMETRIO  DENSITY 

Is  the  weight  of  a  given  measured  quantity.    It  is  usually  expressed 
by  the  weight  of  a  cubic  foot  in  ounces.    This  cannot  be  relied  upon  for 
the  true  density  when  accuracy  is  desired,  as  the  shape  of  the  grain  may 
make  the  denser  x)owder  seem  the  lighter.    Its  only  value  is  a  fair  idea 
of  the  value  of  air  space  in  a  given  weight. 
If  W  =  weight  in  ounces  of  one  cubic  foot  of  homogeneous  powder,  or 
the  specific  gravity  x  by  1,000  (assumed  weight  of  a  cubic 
foot  of  water  at  1,000  ounces) ; 
W  =  weight  in  ounces  of  one  cubic  foot  of  same  powder  granulated, 
or  ascertained  gravimetric  density : 

W 

=—  =  P  =  proportion  or  percentage  of  the  cubic  foot  occupied  by 

the  powder, 
and 

1  —  P  =  P'  =  proportion  or  per  cent,  of  the  cubic  foot  occupied 

by  the  air. 

SPEOIFIO  ORAyiTY. 

The  specific  gravity  of  gunpowder  varies  from  1.66  to  1.8.  It  is  impor- 
tant that  it  should  be  determined  with  accuracy.  Alcohol  and  water 
saturated  with  saltpeter  have  been  used  for  this  purpose ;  but  they  do 
not  furnish  accurate  results.    Mercury  only  is  to  be  relied  upon. 

Hardness  is  tested  by  breaking  the  grains  between  the  fingers ;  the 
hardness  is  judged  of  by  experience. 

THE    MERCURY  DENSIMETER. 

It  is  very  necessary  that  the  density  or  si)ecific  gravity  of  the  powder 
Aoald  be  most  accurately  determined.  For  this  delicate  operation  a 
very  ingenious  instrument  has  been  devised  by  Ck)lonel  Mallet,  of  the 
¥i«nch  army,  called  a  Mercury  Densimeter. 


112         REPORT  OF  THE  CHIEF  OF  ORDNANCE. 

On  a  small  table  a  kind  of  barometer  is  fitted  (Plate  VI,  Fig.  14),  but 
Instead  of  the  glass  tube  being  closed  at  the  upper  end  and  all  in  one 
piece,  as  is  usual,  it  is  in  this  case  made  in  two  pieces  and  open  at  the 
top.  The  upper  part  is  about  24  inches  in  length,  and  is  connected  to 
the  lower,  which  is  10  inches  in  length,  by  means  of  a  closely  fitting  and 
perfectly  air-tight  screwed  metal  joint;  the  lower  part,  instead  of  being 
a  plain  parallel  tube  of  the  same  diameter  throughout  as  the  upper,  is 
made  in  the  form  of  a  globe  or  bulb,  and  on  the  neck  at  each  end  of 
it  a  metal  union  and  stop-cock  are  secured,  both  of  which  are  made 
perfectly  air-tight.  By  means  of  one  of  these  unions  this  glass  globe  or 
lower  half  of  the  instrument  is  attached  to  the  upper,  while  the  other 
union,  into  which  is  screwed  an  open  nozzle  or  metal  tube,  dips  into  a 
cup  fastened  to  the  table  filled  with  mercury.  On  another  table  stand- 
ing by  the  side  of  the  first  one  an  ordinary  air-pump  is  fixed,  with 
vacuum  gauge,  &c. 

It  will  readily  be  seen  that  if  the  upper  part  of  the  glass  tube  of  the 
densimeter  be  connected  with  the  air-pump,  and  the  air  be  extracted 
from  the  glass  tube  whilst  the  lower  tap  is  closed,  a  vacuum  will  be 
formed,  and  that  upon  opening  the  lower  tap  so  as  to  afford  a  free  pas- 
sage for  the  mercury  in  the  cup,  it  will  rise  and  fill  the  glass  globe  and 
upper  portion  of  the  tube  to  such  a  height  as  will  balance  the  pressure 
of  the  atmosphere,  thus  giving  a  column  of  mercury  of  precisely  the  same 
total  height  as  that  in  an  ordinary  barometer. 

To  use  the  instrument,  two  tables  are  placed  side  by  side,  the  open 
upper  end  of  the  glass  tube  of  the  densimeter  is  connected  with  the  air- 
pump  by  means  of  a  flexible  tube,  the  tap  on  the  upper  union  of  the 
densimeter  is  opened,  the  lower  one  is  closed. 

The  air-pump  is  worked;  as  soon  as  all  the  air  is  exhausted,  shown  by 
a  vacuum  gauge  attached  to  the  air-pump,  the  lower  tap  on  the  glass 
tube  immediately  below  the  globe  is  opened,  and  the  mercury  rushes 
into  the  tube;  when  it  ceases  to  rise,  the  two  metal  taps  are  closed,  and 
the  globe  part,  with  the  mercury  contained  therein,  is  removed  and  care- 
fully weighed.  -All  the  mercury  is  now  emptied  back  again  into  the 
cup,  and  the  globe,  nearly  filled  with  a  known  weight  of  gunpowder, 
fiay  100  grammes,  is  then  reconnected  to  the  densimeter  under  the  same 
conditions  as  betore,  and  the  air  again  exhausted  until  a  vacuum  is 
formed.  The  lower  tap  is  now  opened,  and  the  mercury  allowed  to  find 
its  way  in  and  rise  in  the  tube:  the  mercury  rises  to  precisely  the  same 
height  in  the  tube  as  before;  out  the  globe  having  been  nearly  filled 
with  gunpowder  will  contain  less  mercury.  The  taps  on  the  lower  por- 
tion of  the  instrument  are  closed,  the  globe  part  removed  and  again 
weighed.  This  weight,  as  well  as  that  previously  ascertained  when  the 
globe  was  entirely  filed  with  mercury,  is  recorded,  and  from  these  two 
ascertained  weights  the  density  of  the  powder  can  readily  be  obtained 
by  the  foUowing  rule: 

To  find  the  density  of  the  gunpowder,  we  have  only  to  multiply  the  spe- 
cific gravity  of  the  mercury  by  the  weight  of  the  gunpowder  placed  in  the 
globe  of  the  densimeter,  and  divide  by  the  diffci-ence  in  weight  of  the  globe 
when  filled  with  mercury  only  and  when  filled  with  gunpowder  a/nd  mercury j 
plus  the  weight  of  tlie  powder  plUced  in  the  glohe;  the  result  will  show  the 
density  of  the  gunpowder  under  test. 

EXAMPLE. 

Grammea. 

Suppose  the  weight  of  globe  when  filled  with  mercury  to  be 3, 106 

And  the  weight  of  glol^  when  filled  with  mercury  and  gunpowder  to  be 2, 400 

The  difi'erence  would  be 700 
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»S.  G.,  spacific  gravity  of  the  mercury. 
W.  G.  r.,  weight  of  guni)owder  in  the  biilh. 

D.  W.,  diffei-ence  in  weight  of  globe  when  filled  with  mercury  only,  anil  when  filled 
■with  gunpowder  and  mercury. 

S,G.  W.G.P. 

then  13.57  X  100  =  1357.00 

D.w.        W.G.P. =  1,691),  the  density  of  the  iruupowder  tested  ; 

ind    700    4-  100  =      800 

I  SPECIFIC   GRAVITIES  OF  LARGE-GRAINED  POWDERS. 

i 
t 

f  The  instxiimeut  employed  for  determiuiug  the  specific  gravities  of 
I  large-grained  powders  was  constructed  after  the  plan  of  one  designed 
r  by  the  Messi-s.  Du  Pont  de  Nemours  &  Co.,  and  employed  by  them  with 
r  very  satisfactory  results  at  their  works  near  Wilmington,  Del.  It  is 
I  a  mercury  densimeter,  adapted,  by  its  construction,  to  the  reception  of 
large  grains,  and  having  capacity  for  five  pounds  of  powder,  which, 
tor  convenience,  is  the  weight  of  sample  always  employed.  It  differs, 
however,  from  the  small  densimeter  in  ordinary  use  by  a  combination 
of  the  difl'ercnt  parts,  such  that,  the  reservoir*  for  containing  the  pow- 
der and  mercury  to  be  weighed,  and  the  balance  by  means  of  which  the 
weighings  are  made,  are  assembled  together  in  one  instrument.  The 
balance  also  is  so  adapted  to  its  special  ])urpose  as  to  simplify  consider- 
ably the  subsequent  process  of  calculation.  A  great  saving  of  labor 
and  tijiie  is  gained  by  this  form  of  the  instrument,  and  the  occurrence 
of  breaks  and  leaks,  so  frequent  in  the  smaller  one,  is  in  great  measure 
avoided.  Again,  from  the  much  laiger  sample  of  powder  employed,  a 
fair  representative  result  of  the  specific  gravitj^  of  the  entire  lot  is  more 
likely  to  be  secured. 

DESCRIPTION   OF   THE  INSTRU3IENT.  . 

Plate  VII.  To  describe  more  particulaiiy,  the  instrument  consists  of 
three  principal  parts,  to  wit :  A  beam-scale,  A,  a  reservoir,  B,  to  contain 
the  lewder  and  mercury  to  be  weighed,  and  a  bowl,  C,  to  contain  mer- 
cury alone.  In  connection  therewith,  an  air-pump,  D,  is  employed,  the 
cylinder  of  which  has  communication  with  the  interior  of  the  reservoir 
through  a  rubber  tube  leading  from  the  nozzle  z,  of  the  pump,  to  the 
glass  tube  a,  at  the  top  of  the  reservoir.  The  balance  is  suspended  from 
a  hook,  bj  firmly  secured  to  the  roof  of  the  housing,  and  its  axis  of  sus- 
pension is  a  knife-edge  lying  in  the  same  plane  with  the  axes  of  suspen- 
sion of  the*  rods  c  and  d  and  of  the  reservoir  B.  Platforms  e  and/ai^  at- 
tached to  the  suspension  rods  c  and  e7,  on  which  to  place  the  weights. 
The  latter  consists  of  pounds,  tenths  of  a  i)ound,  and  five-hundredths  of 
a  i)ound,  marked  in  reference  to  the  weights  they  will  balance  in  the 
reservoir,  and  of  a  large  unmarked  weight  W,  termed  the  counterpoise. 
This  counterpoise  has  a  cavity  bored  in  it  lengthwise,  the  use  of  which 
^ill  appear  hereafter;  its  weight  is  about  8  pounds.  The  long  arm  of 
the  beam  is  also  graduated,  and  by  means  of  '*  riders,  '■  or  sliding  weights, 
the  weighings  can  be  made  to  hundredths  and  thousandths  of  a  pound ; 
the  gi-aduated  edge  of  the  beam  is  in  the  same  plane  with  the  knife-edges. 
'*  and  i  are  counterix)ises  admitting  of  movement  on  screw  spindles 
imssing  through  them,  in  directions  that  are  respectively  parallel  and 
P^n^endicular  to  the  beam.  The  former  is  used  to  adjust  the  arms  to 
t^e  same  weight,  the  latter  to  regulate  the  sensibility  of  the  beam.  In 
connection  with  the  counterpoise  /*,  a  light  wire  A:  is  sometimes  used 
along  the  beam  to  facilitate  the  adjustment  of  the  arms.  The  beam  and 
Its  appurtenances  proper  are  of  brass. 

8  0RD 
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The  reservoir  B  is  of  cast  iron,  and  swings  on  trunnions  in  the  yoke  E. 
It  also  admits  of  a  horizontal  angular  movement  about  the  vertical 
pivot  U  connecting  the  yoke  with  the  8ui>ension  stirrup  m.  A  screw-cap, 
n,  fitted  with  a  leather  washer,  covers  the  mouth  of  the  reservoir,  aud 
when  removed,  for  the  purpose  of  introducing  powder,  is  attached  to  the 
hook  0,  on  the  outside  of  the  yoke,  so  as  to  l^  includeil  in  the  weighing. 
The  mercury  is  admitted,  or  withdrawn,  through  the  stop-cock  «. 

The  conical  ends  of  the  resenoir  are  cast  in  separate  i)ieces  and  are 
afterwards  screwed  on  to  the  cylinder,  the  joints  being  well  leaded. 
Careful  workmanship  is  requisite  to  prevent  the  formation  of  a  ledge,  or 
recess,  at  these  joints,  which  might  serve  to  retain  sufficient  portions  of 
the  mercury  to  att'ect  the  accuracy  of  the  subsequent  weighings. 

The  diaphragms  of  wire  and  of  leather,  usually  employed  to  cover, 
respectively,  the  upper  and  lower  apertures  of  the  resen^oir,  are  not 
required  in  this  instrument.  The  cai^acity  of  the  reservoir  is  about  78 
pounds  of  mercury,  or  40  pounds  of  mercurj'  and  5  i)ounds  of  powder. 
The  mouth  is  2^  inches  in  diameter,  and  the  sample  of  powder  fills  the 
reservoir  to  about  the  top  of  the  cylindrical  portion.  The  weight  of  the 
reservoir  is  20^  pounds. 

The  bowl  C  is  of  cast  iron,  and,  by  means  of  the  crank  H,  can  be  raised 
or  lowered  vertically.  An  outlet  pipe,  j>,  at  the  liottom  of  the  bowl,  and 
furnished  with  a  stop-cock,  permits  the  discharge  of  the  mercury  when 
desired. 

The  air-pump  is  one  of  Ritchie's,  in  which,  the  cylinder  remaining 
stationary,  the  oscillation  takes  place  in  the  connecting-rod,  which  com- 
municates the  motion  of  the  handle  to  the  piston-rod. 

PROCESS  OF  DETERMINING  THE   SPECIFIC   GRAVITY  OF  A  SAMPLE  OF 

POWDER. 

The  beam  is  first  accurately  balanced  by  means  of  the  counterpoise  A, 
and  the  bowl  filled  with  mercury  and  run  up  till  the  nozzle  of  the  reser- 
voir is  well  immersed  below  the  surface.  The  large  counterpoise  W  is 
then  placed  on  the  platform  suspended  from  the  shorter  arm,  the  rubl3er 
hose  slipped  over  the  top  of  the  glass  tube  of  the  reservoir,  the  air  ex- 
hausted by  means  of  the  pump,  and  the  stop- cock  8  opened  to  admit  the 
mercury.  The  pumping  is  continued  during  the  ingress  of  the  mercury, 
and  when  the  latter  has  risen  to  a  fixed  mark,  indicated  on  the  glass 
tube,  the  stop-cock  is  closed  and  the  rubber  hose  removed.  ,„  Usually  it 
is  necessary  to  run  oft'  a  little  of  the  mercury  and  lower  its  upper  surface 
to  the  fixed  mark.  The  balance  of  the  beam  is  now  restored  by  dropping 
fine  shot  into  the  cavity  of  the  counterpoise  W,  the  weight  of  the  latter 
being  slightly  less  than  the  weight  of  the  filled  reservqir ;  this  done,  the 
stop-cock  8  is  opened  and  the  reservoir  emptied.  The  counterpoise  W 
is  then  replaced  by  the  5-pound  weight,  the  screw-cap  removed  and 
hooked  to  the  yoke,  and  a  sufficient  quantity  of  the  powder  to  be  testeA 
introduced  into  the  reservoir  to  balance  the  5-pound  weight.  The  scre^^'- 
cap  is  then  replaced,  the  counterpoise  W  added  to  the  5-pound  weight, 
and  the  resei'voir  filled  with  mercury',  by  means  of  the  air-pump,  to  the 
same  height  as  before.  The  equipoise  is  now  restored  (the  rubber  tube 
having  been  removed)  by  placing  weights  on  the  platform  susi>ende<l 
from  the  longer  arm  of  the  beam,  aud,  in  addition,  by  the  "riders"  on 
the  beam,  if  iiecej^sary.  The  sum  of  these  weights  is  the  weight  of  tbe 
mercury  displaced  by  the  i)Owder,  or  of  a  volume  of  mercury  equal  to  tli« 
volume  of  the  powder,  and  the  specific  gravity  of  the  latter  results  frou^ 
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the  well-estabbshed  principle  that  the  specific  gravities  of  two  substances 
are  proportional  to  the  weights  of  equal  volumes  of  those  substances. 

Denote  the  sum  of  the  weights  on  the  longer  arm  by  W,  the  weight 
of  the  powder  by  ir,  and  the  specific  gravity  of  the  mercury  at  the  tem- 
perature of  the  time  of  observation  by  D,  and  we  shall  have  for  the 
specific  gravity  of  the  powder,  denoted  by  d  : 


d=D 


tc 


In  the  use  of  this  form  of  the  densimeters  the  weighings  not  only  are 
rapidly  and  accurately  made,  but,  it  is  to  be  observed,  the  actual  weights 
required  for  the  computation  are  obtained  directly  by  a  discriminative 
process  peculiar  to  the  balance.  To  simplify  farther,  the  weights  for 
tiie  longer  arm  are  marked  double  their  actual  value  in  reference  to  the 
reservoir,  so  that  in  the  computation  the  specific  gravity  is  obtained  by 
setting  the  decimal  point  in  the  value  of  D  one  place  farther  to  the 
right,  and  dividing  by  the  value  of  W,  as  indicated  on  the  weights, 
the  ettect  being  the  same  as  multiplying  by  2  both  terms  of  the 


fraetion  _„ . 

Form  of  retard  of  computation. 

Sample. 

Double  weights  cor- 
reBponding  to  equal 
volumes  of— 

Temperature  of 
mercur>'. 

Specific  gravity 
of  mercury  cor- 
respouding    to 
observed   tem- 
perature. 

Specific  gravity 
of  powder, 

Powder, 
to. 

Mercury, 
W'. 

10  y  D 
W' 

Do  Pom's  hexagonal  F.  U. 

10 

76.94 

(J»3 

13.54686 

1.7603 

Owing  to  the  considerable  bulk  of  the  sample  emi)loyed  with  the  large 
densimeter,  and  the  comparatively  large  weights  of  powder  and  mer- 
cury that  consequently  enter  the  formula  for  the  Qomputation  of  the 
specific  gravity,  very  close  weighing  with  this  instrument  is  not  abso- 
lutely requisite.  A  variation,  for  instance,  of  46  grains  in  the  actual 
value  of  w^  or  of  350  grains  in  that  of  W,  would  affect  the  resulting 
specific  gravity  by  only  two  points  in  the  third  place^of  decimals.  This 
feature  is  one  of  great  practical  utility,  as  it  enables  us  to  dispense  with 
very  small  weights,  and  to  abridge  considerably  the  operations  of 
weighing. 

INITIAL  OB  MUZZLE  VELOCITY. 

This  is  determined  by  any  of  the  electro-ballistic  machines  available  ; 
the  Bouleng6  chronograph  is  one  of  the  simplest  and  most  generally 
^^l  for  proof  of  powder.  For  a  full  description  and  use  of  the  instru- 
''ient,  see  Ordnance  Memoranda,  No.  25. 

STRAIN  UPON  THE  GUN. 

This  is  determined  by  the  Kodman  pressure-gange.    For  descrij  tion 
*'^d  use  of  the  instrument,  see  Ordnance  Memoranda,  Xo.  25. 

DETERMINATION  OF  MOISTURE  AND  RESISTANCE  TO   MOISTURE. 

Xhe  amount  of  moisture  in  powder  is  determined  by  drying  samples  in 
'^   oven  with  a  wat^r  bottom  (Plate  Xa).    A  vessel  of  tin,  double- 
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walled,  except  the  face  coutainiug  the  door,  is  fitted  at  the  t)p  with  an 
opeuiug  for  the  iutroduction  of  water ;  the  door  is  double ;  the  inner 
skin  lining  has  perforations  at  the  top  to  allow  the  escape  of  moisture 
given  ui)  by  the  powder.  Ledges  on  the  inside  of  the  oven  8upi)ort  the 
powder  trays.  Before  use,  the  water  space  is  filled  with  boiling  water; 
a  spirit  lamp  keeps  up  the  heat ;  the  supply  of  water  is  kept  up  to  com- 
pensate for  evaporation. 

The  powder  is  subjected  to  heat  as  long  as  it  loses  w  eight,  the  loss 
indicating  the  percentage  of  moisture  driven  oft*.  On  being  removed 
from  the  oven  it  should  be  transferred  at  once  to  perfectly  cleaii,  drj-, 
air-tight  weighing  bottles. 

The  ability  to  resist  moisture  is  determined  by  subjecting  samples 
which  have  been  dried  to  exi>osiu'e,  first  in  open  air,  then  in  a  hygro- 
scope  containing  a  solution  of  niter  at  100^  cooled  to  80°  Fahr. 

The  hygroseope  (Plate  X&  is  an  air-tight  box  in  which  the  powder  is 
subjected  to  a  damp  atmosphere  at  a  uniform  temperature  for  24  hours. 
It  consists  of  a  box  lined  with  copper,  with  a  space  of  two  inches  be- 
tween packed  with  hair.  The  lid  is  double  also,  like  the  sides,  in  con- 
struction ;  an  India-rubber  ga^sket  covers  the  edges  of  the  top,  which  is 
screwed  firmly  down  with  thumb-screws.  Inside  the  box  is  a  movable 
perforated  tray  of  copper  resting  on  ledges  S.5  inches  by  S.5  inches. 
The  intervening  spaces  hav^e  water-tight  trays  on  ledges  filled  with  a 
•solution  of  niter. 

The  powder  to  h^  tested  is  placed  in  circular  cups  of  copper  with  fine 
wire-gauze  bottoms,  attbrding  free  access  of  moisture  to  all  parts  of  the 
satnple  under  test.  The  percentage  of  gain  is  determined  by  weighing 
the  powder  in  carefully  prepared  bottles  on  opening  the  hygroseope. 
A  careful  record  is  kei)t  of  the  barometer,  hygi'ometer,  external  and 
maximum  and  minimum  internal  thermometers. 

INCORPORATION. 

On  breaking  the  grains,  a  fine  uniform  ashen-gray  color  throughou 
should  appear ;  the  grain  texture  should  be  close,  without  white  speck 
even  when  magnified.  *' Flashing"  on  glass  or  porcelain  plates,  smai 
copper  measures  for  fine-grain  powders  inverted  on  the  plates,  keeps  tli 
heap  nearly  the  same  at  each  trial.  The  powder  should  be  in  sma 
conical  heaps ;  if  the  incorporation  is  good,  only  smoke  marks  remai 
on  the  plate  after  flashing;  if  bad,  specks  of  undecomposed  niter  ai* 
sulphur  will  form  a  diity  residue.  The  test  requires  experience  to  ii 
sure  good  judgment. 

The  relative  incori)oratiou  is  determined  by  the  balance ;  the  greats 
increase  of  weight  on  the  plate,  the  less  satisfactory  the  i>owder  in  tli^ 
respect.    Moist  powder  flashes  badly. 

ANALYSIS  OF   GUNPOWDER. 

Pulverize  75  grains,  place  in  a  glass  beaker  with  eight  ounces  of  di 
tilled  water  J  stir  rajiidly  with  a  glass  rod ;  when  clear,  test  with  htui^ 
pai)er  for  acids  and  with  tumeric  for  alkalies.  Wash  repeatedly  to  ■:" 
move  all  the  sulphur  and  chai*coal,  and  examine  the  residuum  witlm 
microscope  for  coarse  particles  of  either  or  foi^eign  substances.  Det-^ 
mine  the  amount  of  moisture  by  placing  45  grains  of  pow^der,  groai 
fine,  in  a  watch  crystal,  dry  thoroughly,  and  cover  the  crystal  with 
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other.    The  weight  of  dish  and  cover  being  known,  the  loss  of  weight  due 
to  moisture  contoined  in  them  is  found. 

DETERMINATION  OF  THE  SULPHUR. 

Put  the  45  grains  of  dry  powder  in  a  pipette,  having  a  wad  of  heated 
asbestos  in  the  narrow  part;  verify  the  weight  of  the  pipette  and  wad  ; 
insert  the  pipette  into  a  hole  in  the  cork  of  a  small  weighed  flask ;  treat 
the  powder  with  50  c  c  of  rectified  bisulphide  of  carbon,  remove  the  pip- 
ette and  cork,  recork  the  flask,  and  distil  off  the  bisulphide  of  carbon 
for  fiiture  use. 

A  sand-bath  is  used  during  distillation,  which  must  proceed  very 
slowly,  the  flask  being  raised  above  the  sand,  which  must  not  become 
too  warm.  The  percentage  of  sulphur  is  calculated  fi[X)m  the  weight 
thus  obtained.  One-tenth  per  cent,  is  added  to  the  amount  of  sulphur, 
as  that  quantity  generally  remains  in  the  powder  after  the  treatment 
with  the  bisulphide  of  carbon. 

DETERMINATION  OF  NITER. 

The  pipette  containing  the  residue  is  fixed  in  a  small  weighed  flask, 
tbe  portion  above  the  crook  being  wrapped  in  muslin.  The  tube  of  the 
flask  is  connected  with  an  air-pump  by  a  rubber  tube,  and  the  contents 
of  the  i)ipette  treated  with  40  c  c  of  distilled  water ;  work  the  pump 
carefully  to  allow  the  water  to  enter  the  flask  by  drops :  to  prevent 
crystallization  of  the  dissolved  niter  in  the  narrow  part  or  the  pipette, 
cold  water  is  first  used,  then  warm,  and  lastly  hot.  Drench  the  muslin 
on  the  pipette  with  water  of  the  same  temi>erature  as  that  for  dissolv- 
ing the  niter.  When  the  flask  contains  40  c  c  of  the  niter  solution,  re- 
move the  pipette  and  evaporate  the  water  on  a  sand-bath,  removing  the 
flask  occasionally,  and  cool  as  the  solution  becomes  saturated.  AVhen 
file  niter  is  crystalized,  it  is  heated  until  it  and  the  flask  are  quite  dry ; 
the  weight  of  the  nifer  is  then  taken. 

DETERMINATION  OF  THE  CHARCOAL. 

The  asbestos  wad  and  a  large  part  of  tlie  charcoal  are  pushed  out  o^ 
the  pipette  by  a  wire  into  a  watch  glass ;  the  pipette  and  watch  glass 
ftnd  contents  dried  and  weighed;  the  weight  of  the  pipette,  watch  glass 
3Dd  abestos  being  known,  that  of  the  charcoal  is  obtained.  The  weight 
^^^ded  to  the  sulphur  is  of  course  deducted. 

INSPECTION    REPORT. 

The  report  of  inspection  should  show  the  place  and  date  of  fabrication 
^d  of  proof,  the  kind  of  powder  and  its  general  qualities,  as  the  num- 
^^r  of  grains  in  100  grains,  its  specific  gravity;  whether  hard  or  soft, 
^Uud  or  angular,  of  uniform  or  irregular  size;  whether  free  from  dust  or 
^^t;  the  initial  velocities  and  pressures  i)er  square  inch  obtained  in  each 
^^^e;  the  amount  of  moisture  absorbed;  and,  finally,  the  heiglit  of  the 
"^^Tometer  and  hygrometer  at  the  time  of  proof. 

:marks  on  the  barrels. 

Each  barrel  is  marked  on  both  heads  (in  white  oil-colors,  the  head 
I^Hinte<l  black)  with  the  number  of  the  barrel,  the  name  of  the  manu- 
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facturer,  year  of  fabrication,  and  the  kind  of  powder,  cannon^  mortar  oi 
muslet,  &c.,  the  mean  initial  velocity,  the  pressure  per  square  inch  on 
the  pressure-piston,  and  density.  Each  time  the  powder  is  proved,  the 
initial  velocity  is  marked  below  the  former  proofs,  and  the  date  of  the 
trial  opposite  it. 

RESTORING  UNSERVICEABLE  POWDER. 


When  powder  has  been  damaged  by  being  stored  in  damp  places,  it 
loses  its  strength,  and  requires  to  be  worked  over.  If  the  quantity  of 
moisture  absorbed  does  not  exceed  7  per  cent.,  it  is  sufficient  to  dry  it  to 
restore  it  to  service.  This  is  done  by  exposing  it  to  the  sun,  or  in  a 
drying  room. 

When  powder  has  absorbed  more  than  7  per  cent.,  of  water,  it  is  sent 
to  the  powder-mills  to  be  worked  over,  or  sold  as  condemned  powder. 

When  it  has  been  damaged  with  salt  water,  or  become  mixed  with 
foreign  matters  which  cannot  be  separated  by  sifting,  the  saltpeter  is 
dissolved  out  from  the  other  materials  and  collected  by  evaporation. 

Proportions  of  ingredients. 


Saltpeter,  i  Charcoal   |    Salphur. 


3y  the  atomic  theory 

Ill  the  United  States: 

For  the  military  serx'ice  (the  latter  proportion  is  generally  used) .  < 

For  sport  ill g < 

In  England,  same  as  United  States : 
For  the  military  service 

For  sporting 

In  France  (Wetteren  powder  has  given  best  results ;  many 
experiments  have  been  made  with  varying  proportions) ; 
For  the  mili tarv  service '. 


1 


For  snorting 

For  blasting 

In  Prussia,  same  as  England  and  United  States : 
For  the  military  8er\'ice 

In  Spain : 
For  the  military  service 

In  Austria : 
For  the  military  service 
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PRESERVATION,  STORAGE,  AND  TRANSPORTATION. 


In  the  powder-magazines  the  barrels  are  generally  placed  on  the  sides, 
thiee  tiers  high,  or  fours  tiers,  if  necessary.  Small  skids  shoold  be  placea 
on  the  floor  and  between  the  several  tiers  of  barrels,  in  order  to  steady 
them,  and  chocks  should  be  placed  at  intervals  on  the  skids  to  prevent 
the  rolling  of  the  barrels.  The  powder  should  be  separated  according 
to  its  kind,  the  place  and  date  of  fabrication,  and  the  proof-range. 
Fixed  ammunition,  especially  for  cannon,  should  not  be  put  in  the  same 
magazine  with  powder  in  barrels,  if  it  can  bo  avoided. 

Fireworks  should  never  be  stored  in  powder  magazines. 

In  a  room  13  or  14  feet  wide,  the  barrels  may  be  arranged  in  a  double 
row  in  the  center,  two  alleys  2J  feet  wide,  and  two  single  rows  6  to  12 
inches  from  the  walls ;  in  this  way  the  marks  of  each  barrel  may  be  seen 
and  any  barrel  can  be  easily  reached.  In  a  room  12  feet  wide,  an  equal 
number  of  barrels  may  be  placed  in  two  double  rows,  with  a  central 
alley  of  3  feet,  and  two  side  alleys,  next  the  walls,  of  about  10  inches 
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each.  There  should  be  an  uueiicunibered  space  of  6  or  8  feet  at  the 
door  or  doors  of  the  magaziue. 

Should  it  be  necessary  to  pile  the  barrels^  more  thau  four  tiers  high, 
the  ui>i>er  tiers  should  be  supported  by  a  frame  resting  on  the  floor ;  or 
the  barrels  may  be  placed  on  their  heads,  Mith  boards  between  the  tiers. 

Besides  being  recorded  in  the  magazine  book,  each  parcel  of  powder 
shoidd  be  inscribed  on  a  ticket  attached  to  the  pile,  showing  the  entries 
and  the  issues. 

For  the  preservation  of  the  powder  and  of  the  floors  and  lining  of  the 
magaziue,  it  is  of  the  greatest  importance  to  preserve  unobstructed  the 
circulation  of  air  under  the  flooring  as  well  as  above.  The  magazine 
should  be  oj^ened  and  aired  in  clear,  dry  weather,  tchen  the  temperature 
of  the  air  outside  is  lower  than  that  inside  the  magazine.  It  should  not  be 
opened  in  damp  weather  if  it  can  be  avoided.  The  ventilators  must  be 
kept  firee ;  no  shrubbery  or  trees  should  be  allowed  to  grow  so  near  as  to 
protect  the  building  from  the  sun.  The  magazine  yard  should  be  paved 
and  well  drained.  The  moisture  of  a  magazine  may  be  absorbed  by 
chloride  of  lime  suspended  in  an  open  box  under  the  arch,  and  renewed 
frf»m  time  to  time ;  quicklime  is  dangerous,  and  should  not  be  used. 

The  sentinel  or  guanl  at  a  magazine,  when  it  is  open,  should  have  no 
fire-arms,  and  every  one  who  enters  the  magazine  should  take  off  his 
shoes,  or  i>ut  socks  over  them;  no  sword  or  cane,  or  anything  which 
might  occ^.sion  sparks,  should  be  carried  in. 

The  windows  should  have  inside  shutters  of  copper  wire-cloth.  Fire 
should  never  be  kindled  near  the  magazine  for  the  repair  of  the  roof  or 
lightning  rods. 

Barrels  of  powder  should  not  be  rolled  for  transportation ;  they  should 
be  carried  in  hand-barrows,  or  slings  made  of  rope  or  leather.  In  mov- 
ing powder  in  the  magazine,  a  cloth  or  carpet  should  be  spread ;  all  in- 
stmmimts  used  there  should  bo  of  wood  or  copper,  and  the  barrels  should 
never  be  repaired  in  the  magazine.  When  it  is  necessary  to  roll  the 
powder  for  its  better  preservation  and  to  prevent  its  caking,  this  should 
be  done,  with  a  small  quantity  at  a  time,  on  boards  in  the  magazine 
yard. 

In  tlie  spring  an  inspection  of  the  barrels  should  be  made,  and  the 
hoops  swept  with  a  brush  wherever  they  can  be  got  at,  to  remove  the 
insects  which  deposit  their  eggs  at  this  season. 

In  wagons,  barrels  of  powder  must  be  packed  in  straw,  secured  in 
soch  a  manner  a^  not  to  rub  against  each  other,  and  the  load  co^'ered 
wiUi  thick  canvas. 

In  transportation  by  railroad,  each  ban^el  should  be  carefully  boxed 
and  packed,  so  as  to  avoid  all  friction.  The  barrels  shoiUd  have  a  thick 
paulin  under  them.  The  cars  should  have  springs  similar  to  those  of 
passenger  cars. 

MAGAZINES. 

A  plan,  sections,  and  elevations  of  a  magaziue  approved  by  the  War ' 
Department  is  shown  on  Plate  XI.  It  is  built  of  brick,  the  walls  are 
1.5  feet  thick,  provided  with  air-chambers  and  ventilating  passages, 
connecting  with  the  interior  of  the  magazine  and  exterior  air.  A,  are 
the  air  chambers  in  the  body  of  the  wall :  B,  communications  between 
air  chambers  and  interior  of  magaziue;  C,  air-passages;  D,  communi- 
eatioDs  between  upper  and  lower  air-passages ;  E,  eouimunications  be- 
tween upper  air-passages  and  exterior  air ;  F,  communications  between 
lower  air  passages  and  interior  of  magazine;  G,  lower  suifaces  of  pro- 
jections of  the  roof,  to  be  sealed  with  tin,  i)eif orated  with  small  holes^ 
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and  painted  on  both  sides  to  obtain  free  circulation  of  air  nnder 
roof.  The  covering  of  the  roof  is  slate ;  gutters  and  spouts  cop 
The  ceiling  is  composed  of  light  flat  arches  sprung  from  iron  \m 
For  details  of  construction,  see  Plate  XI. 

A  magazine  60  by  40  feet,  of  this  construction,  is  ample  for  the  ser 
of  most  of  our  arsenals. 

A  small  vestibule  with  double  doors  may  be  added.  An  interiors 
of  wire  should  be  pro\ided,  and  wire  screens  for  the  two  windows  at 
end  of  the  magazine  opposite  the  door.  The  interior  of  the  maga 
may  be  sheathed  to  a  height  of  5  feet,  with  clear  narrow  boards, 
inch  fit)m  the  walls. 

Magazines  at  arsenals  should  be,  when  practicable,  protected  by 
ficial  traverses,  and  located  as  far  from  other  buildings  as  the  ars 
site  will  admit.    The  site  should  be  thoroughly  drained. 

For  powder  depots,  magazines  of  a  capacity  of  5,000  barrels  sh 
be  built  in  preference  to  smaller  ones ;  they  should  be  protected  1 
each  other  by  hills,  natural  or  artificial  traverses ;  be  located  far  a 
from  other  i>owder-mills  or  laboratories  and  buildings  on  the  res€ 
tion,  and  capable  of  thorough  drainage  and  free  ventilation. 

Service  magazines  constructed  of  light  wrought-iron  beams,  sheatl 
&c.,  with  working  drawings,  were  furnished  the  department  by  the 
Gteneral  Rodman,  in  1866.    In  future  constnictious,  this  or  some 
dred  plan  will,  no  doubt,  he  fully  considered. 

POWDER  DEPOTS. 

Large  deiwts  for  storage  of  jwwder,  materials  for  its  manufiict 
and  a  i)Owder  factory  for  making  ex])erimental  ]K)wders,  establishing 
best  method  of  insuring  uniformity  of  manufactui^  of  service  i>ow( 
and  maintaining  a  high  uniform  standard  of  the  various  kinds  of  ] 
der  required  for  small-arms,  field,  siege,  and  heavy  oixiuance  obta 
from  private  manufacturers,  has  been  long  recognized  as  a  param* 
need  of  the  Ordnance  Department. 

One  such  d^pot,  for  storage  of  powder  only,  has  been  established 
Saint  Louis;  a  part  of  the  government  reservation  at  Jefferson  Barr 
having  been  taken  for  the  purpose,  and  a  number  of  magazines  cap 
of  storing  50,000  barrels  of  powder  erected.  The  ground  selects 
suitably  located  and  isolated,  well  drained,  the  magazines  separ 
from  each  other,  and  protected  by  natiu^al  traverses.  It  has  also 
venient  railrojid  and  water  connections  with  the  West,  South,  and  N< 
west. 

A  suitable  large  powder-depot  with  government  powder-mill  is 
greatly  needed  on  the  Atlantic  coast.    Surveys  of  tracts  have  been 
will  be  be  made  and  a  suitable  one  recommended,  the  following  coi 
erations  governing  its  selection: 

Ist.  That  the  depot  should  be  in  a  region  of  country  which  does 
admit  of  being  populated,  so  that  destruction  of  life  and  projiert 
case  of  accident  would  be  a  minimum. 

2d.  The  tract  should  be  sufficient  in  extent  to  contain  suitable 
tions  for  magazines  for  storage  of  10,000  tons  of  powder,  material  fo 
manufacture,  &c.,  and  the  necessary  buildings  for  a  government  ; 
der  mill. 

3d.  It  should  be  near  enough  to  rail  and  water  transportation  to  ai 
facilities  of  transportation  to  the  seaboard,  interior,  and  the  lakes, 
ing  a  short  line  of  government  railroad  connecting  the  site  with  ri 
and  trunk-lines. 
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Magaziues  at  our  arsenals  are  of  btLt  limited  capacity,  and  endanger 
large  amounts  of  public  as  well  as  private  property,  and  have  become  a 
great  sonrc?e  of  complaint.  Storage  of  powder  at  the  magazines  of  our 
seaboard  forts  is  very  objectionable,  as  powder  so  stored  deterioi'ates 
v«ry  rapidly.  At  present  there  are  on  hand  2,500  tons  of  powder  and 
3,000  tons  of  niter  stored  at  insecure  and  unsuitable  places,  which  should 
be  properly  provided  for  without  unnecessary  delay. 

LIGHTNING  CONDUCTORS. 

• 

(Condensed  from  a  "Circular  memorandum"  issued  by  General  Bur- 
goyne,  inspector  general  of  fortifications,  British  army,  from  the  re- 
sean»hes  of  Sir  William  Snow  Harris,  F.  R.  S.,  1858.)    Plate  XII. 

It  api>ears  to  be  established — 

That  metal  in  a  building,  whether  disiK)sed  of  in  the  form  of  a  conductor 
or  otherwise,  never  attracts  lightning. 

That,  provided  the  surfaces  of  metals  are  not  iutemipted  by  bodies 
possessing  a  less  conducting-i>ower,  a  building  entirely  of  metal  will  be 
the  safest  of  all,  and.  that  such  buildings  require  no  further  lightning- 
conductors  than  connection  with  the  earth  over  the  masonry  foundations 
on  which  they  are  often  lai<l. 

That,  with  regard  to  a  budding  of  brick  or  stone,  the  object  must  be 
to  establish  a  sufficient  number  of  lines  of  electrical  conductors,  extending 
from  its  most  elevate<l  and  prominent  points  to  the  ground;  and,  further 
bring  the  building  into  a  condition  similar  to  that  of»  a  metal  building 
by  means  of  other  conductors  generally  attached  to  more  prominent  lines 
of  the  building  itself,  such  as  the  ridges,  angles,  and  eaves. 

There  is  no  advantage,  but  the  contrary,  in  endeavoring  to  insulate 
the  conductors  from  the  l3uilding. 

The  best  material  for  conductors  is  copi>er,  either  in  tubes  1 J  to  2  inches 
diameter  and  .125  inch  to  .2  inch  thick,  or  wire  rope. 

All  metal  surfaces,  whether  lea<l,  copper,  or  iron,  on  ridges,  roofs,  gut- 
ters, or  coverings  to  doors  or  windows,  to  be  connected  by  plates  of  cop- 
per with  the  conducting  system.  Lead,  on  account  of  its  low  conductiug- 
power,  cannot  be  altogether  depended  upon. 

One  or  more  solid  copper  roils,  to  project  fi-eoly  into  the  air,  about  5 
feet  above  the  highest  points  of  the  building  to  which  the  main  conductors 
MB  applied.  The  summit  of  the  rod  to  be  pointed ;  but  gold,  gilt,  or 
platinum  tops  are  unnecessary. 

The  termination  of  the  conductors  below  to  be  led  into  damp  or  porous 
soil  when  the  building  happens  to  stand  upon  it;  but,  when  the  soil  is 
dry,  two  or  three  trenches  to  be  cut,  radiating  from  the  foot  of  the  con- 
ductor to  a  depth  of  18  inches  or  two  feet  and  30  feet  in  length,  and 
either  the  conductor  carried  along  the  bottom  of  the  trenches  or  old  iron 
chain  laid  in  them,  carefully  connected  with  the  foot  of  the  conductor. 
The  trenches  to  be  then  filled  up  to  one  foot  in  depth  with  coal-ashes  or 
other  carbonaceous  substance,  and  afterwards  with  earth  or  gravel. 

If  it  be  possible,  in  regulating  the  surface  drainage,  to  leatl  a  tiow  of 
water,  diuring  the  rain  which  generally  accompanies  thunder-storms,  over 
the  site  of  the  trenches,  it  will  be  an  additional  precaution. 

Tanks  are  useless,  except  where  the  water  flows  freely  into  them  from 
the  surrounding  soil,  and  even  then  they  are  superfluous  as  appendages 
to  the  conductors. 

The  conductors  for  brick  or  stone  magazines  with  slate  roofs  shoidd 
consist  of  a  sheet-copper  strip  4  inches  wide  and  .125  inches  thick,  cover- 
ing the  ridge  and  securely  fixed  to  it  by  wrought-copper  nails.    At  each 
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end  of  the  ridge  a  solid  copi)er  rod  .5  incb  in  diameter  is  fixed  to  the 
conductor  on  the  ridge,  and  projects  about  5  feet  above  the  highest  point 
of  the  building;  its  upper  end  is  pointed. 

Copper  strips  3  inches  wide,  or  copper  tubes  one  inch  in  diameter, 
pass  down  the  angles  of  the  hip,  and  are  firmly  secured  to  the  copper 
eaves-gutter. 

The  descending  water-pipes,  made  also  of  copper,  and  fastened  to 
the  face  of  the  building  by  copper  holdfasts,  are  connected  at  their 
lower  end  to  the  underground  conductor  by  a  piece  of  copper,  3  inches 
wide,  wrapped  around  the  lower  end  of  the  water-pipes  and  riveted  to 
the  underground  conductor. 

The  underground  conductor  runs  out  from  the  building  4  feet,  and 
then  branches  into  two  parts,  each  8  feet  long,  2  inches  wide,  and  .125 
inch  thick.  These  conductors  are  about  2.5  feet  from  the  surface  of  the 
ground  at  the  lower  end,  and  are  covered  with  coal  ashes  and  earth. 

The  copper  sheathings  on  the  doors  and  windows  are  connected  with 
the  lower  end  of  the  water-pipes  by  flat  copper  strips,  2  inches  wide, 
fixed  to  the  water-table  by  copper  nails  driven  into  wooden  plugs  about 
10  feet  apart. 

When  tubular  conductors  cannot  be  had  of  sufficient  length  in  one 
piece,  tliey  are  connected  by  a  union  joint,  and  strengthened  by  a  small 
pipe  or  ferrule,  about  4  inches  long,  inside  the  tube,  and  inveted  to  each 
end. 

Buildings  which  have  tlie  eaves-gutters  and  down-pipes  made  of  tin 
or  zinc  should  liave  a  main  conductor  communicating  directly  with  the 
ground;  it  should  also  be  connectod  with  the  eaves-gutters,  and  the 
down-pipe  should  connect  by  a  metallic  communication  with  the  ground, 
running  out  some  distance  from  the  building. 

In  case  of  buildings  situated  on  a  drj'  or  rocky  soil,  especial  pains 
must  be  taken  to  lay  down  old  chains  or  other  conductors  in  various 
directions,  to  a  distance  of  10  to  15  yards,  and  from  1  foot  to  1.5  feet 
below  the  surface  of  the  ground;  and,  if  possible,  lead  a  flow  of  rain 
over  the  surface  of  the  ground  about  or  near  the  conductor.  Let  the 
conductor  terminate  in  a  large  surface  of  moist  earth  whenever  it  can 
be  effected. 

If  copper  be  not  used  for  conductors,  zinc  is  the  next  best  material  of 
which  they  can  be  made.  If  iron  be  used,  it  should  be  in  the  shape  of 
galvanized  wrought-iron  pipe,  not  less  than  2  inches  in  diameter,  firmly 
screwed  together  in  joints  of  extra  thickness. 

Copper  tube,  of  a  thickness  of  from  .125  to  .2  inch  is  always  to  be 
preferred :  it  has  more  than  five  times  the  capacity  for  conducting  elec- 
tricity than  iron  has,  and  more  than  three  times  that  of  zinc. 

SPECIAL   POWDERS. 

For  some  years,  it  has  been  a  recognized  fact,  that  the  ignition,  com- 
bustion, and  explosive  eflfect  of  gunpowder  depend,  in  a  great  degree, 
on'the  size,  shape,  and  density  of  the  grain,  and  that  guns  of  different 
calibers  require  for  their  most  efficient  service  powders  differing  in 
these  features  in  order  to  secure  the  best  results.  The  rapid  increase 
in  weight  of  projectiles  with  the  increase  in  caliber  of  guns,  and  the  com- 
paratively smaller  power  of  resistance  of  the  guns,  renders  it  necessary 
that  the  rate  of  combustion  of  the  charge  be  regulated,  so  as  to  reduce 
the  strains  on  the  guns  as  much  as  possible,  while  at  the  same  tinje  pre- 
serving higli  initial  velocity  to  the  projectile,  thus  rendering  practicable 
the  use  of  the  heaviest  guns,  projectiles,  and  charges. 

The  amount  of  gas  evolved  at  the  first  instant  of  inflammation  and  com- 
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istion  is  measurably  controlled  by  the  size  and  form  of  grains,  offering 
ks^r  surface  of  ignition,  and  the  increased  density,  offering  greater 
sistauce  to  the  penetration  of  the  hot  gases  through  the  grains,  grad- 
ite^  its  rapidity  of  burning.  The  form  of  grain  affecting  the  amount 
surface  exposed  to  combustion — ^that  shape  which  offers  a  compara- 
ely  small  surface  at  the  first  instant  of  ignition,  increasing  progres- 
ely — is  theoretically  the  best. 

Experiments  by  all  civilized  nations  have  settled  beyond  cavil  the  im- 
rtant  part  played  by  powders  suited  in  the  above  qualities  to  the  guns 
which  they  are  to  be  used,  and  have  led  to  the  adoption  of  large-grain 
Riders  in  heavy  guns,  resulting  in  the  production,  among  the  best,  of 
ramoth,  pebble,  cubical,  hexagonal,  and  perforated  prismatic  powder; 
'  honor  of  the  first  investigation  and  practical  results  in  this  direc- 
1,  being  universally  awarded  to  the  late  General  Eodman,  Ordnance 
partment,  U.  8.  A.* 

Nearly  all  the  great  powers  of  Europe  have  powder-mills  under  the 
mediate  supervision  of  their  own  officers  and  agents ;  and  the  quality 
powders  made  at  them  is  held  deservedly  in  high  estimation.  While 
}se  mills  are  insufficient  for  supplying  all  the  wants  of  the  respective 
remments,  the  great  care  in  selection  and  manipulation  of  the  best 
iterials,  and  close  attention  to  every  detail  of  manufacture,  serve  to 
iutain  a  high  standard  of  quality  of  powder,  and  regulate  the  price 
i  excellence  of  that  necessarily  obtained  from  private  manufacturers, 
e  United  States  would  profit  by  following  so  excellent  an  example,  by 
:ablishing  a  powder-mill,  under  official  direction,  of  limited  capacity. 
The  royal  gunpowder  fiebctory  of  England  is  located,  at  Waltham 
)bey;  those  of  Eussia  are  the  Ohktenskoi;  the  Michael-Schosta 
iltpeter  district);  the  Kazan  (at  which  most  powders  for  military  and 
val  service  are  made). 

Gennany  obtains  her  powders,  in  part,  from  the  government  factories 
Spandau  and  Neisse ;  the  standard  quality  of  that  procured  from 
vate  factories  being  regulated  by  the  former. 

Prance  now  has  five  gunpowder-works — Ripault,  Boiichet,  Saint 
lamas,  Angouleme,  and  Esquerdes. 

Belgium  has  a  large  powder-mill  at  Wetteren,  and  produces  large- 
lin  powders  of  most  excellent  quality. 

The  late  General  Rodman,  one  of  the  original  devisers  of  improvements  in  heavy 
coustractions,  experimental  as  early  as  1860  with  mammoth-grain  powdere,  and 
-loped  their  use  in  the  United  States,  in  the  heavy  smooth-bore  guns  bearing  his 
t\  and  it-s  heavy  rifle  guns.  Hfs  ingenious  and  fruitful  mind  led  him  a  little  later 
'ek  a  solution  of  the  problem  of  increased  endurance  of  heavy  ordnance  bj^  better 
f'olling  the  combustion  of  powders,  in  the  use  of  various  sizes,  forms,  and  increased 
ities  of  grain.  General  Rodman  was  the  pioneer  in  the  investigation  of  several 
8  of  large-grain  powders,  as  pebble,  lenticular,  perforated  prismatic,  and  perforated 
ulrical  cake  powders.  The  limited  appropriations  available  at  the  command  of 
jrdnance  Department  and  want  of  a  national  powder-mill  very  much  dwarfed  his 
riments,  and  delayed  their  prosecution  to  conclusive  proof  of  their  great  value,  a 
estimate  of  which  is  found  in  the  fact  that  they  have  now  been  more  fully  devel- 
both  in  this  and  foreign  countries,  and  led  to  the  general  adoption  by  all  tirst- 
powers  of  some  such  powders  in  their  heavy  ordnance;  for  example,  Russia  andGer- 
y  have  adopted  perforated  prismatic  cake  powder;  England,  pellet,  cubical,  and 
le  powders;  the  French,  the  powder  of  Wetteren  and  Boiichet;  the  Italian,  thedice 
lerof  the  Fossauo  Mills  near  Turin;  the  Uhited  States,  hexagonal,  and  has  also 
rrimented  successfully  with  all  the  other  varieties. 

e  great  importance  to  be  derived  from  increased  and  uniform  density  of  powders 
tecting  their  explosive  qualities  and  consequent  strain  on  guns,  has  at  the  same 
attracted  the  general  attention  of  those  studying  the  subject, 
meriments  are  still  in  progress  to  determine  the  best  description  of  gunpowders 
>n  kinds  of  guns,  whose  employment  in  large  charges  shall  be  attended  with  the 
results  and  the  least  risk  of  overstraining  these  gnus. 
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Aostria  obtains  her  powder  from  government  and  private  mil 
Italy,  from  Fossano. 

HEXAGONAL  POWDER. 

Experiments  were  made  at  Fort  Monroe  in  1872  and  1873  with  wl 
is  known  as  hexagonal-grained  jiowder,  manufactured  by  Messrs.  E. 
Du  Pout  &  Co.,  Wilmington,  Del.,  which  demonstrated  its  superiori 
for  heavj'  ordnance,  giving  low  maximum  pressiu^s,  \^ith  good  vek 
ities  and  great  unifonnity  of  action.  One  of  the  samples,  designate 
by  the  manufacturers  as  "  E.  V.,"  was  selected  for  proof  of  the  con vertc 
8-  and  9  inch  rifled  guns  in  1874.  Hexagonal  powder  has  been  employ( 
since  that  date  in  trial  and  proof  of  all  8-inch  converted  guns.  H 
uniform  size  of  grain,  and  their  polyhedral  shape,  insure  great  uniforn 
ity  in  position  and  size  of  the  interstices  in  the  make-up  of  the  cartridgi 
this  insures  with  a  uniform  density  of  grain  a  high  degree  of  uniforn 
itj'  in  pressures  and  velocities  from  given  charges  of  powder  and  weight 
of  projectiles.  The  powder  used  is  composed  of  United  States  standar 
proportions  of  the  ingredients,  with  a  specific  gravity  of  1.7511.  It 
shape  and  dimensions  are  given  on  Plate  IX. 

The  cartridge-bags  were  made  allowing  0.85-inch  windage ;  the  mati 
rial  being  woolen  serge. 

MANUFACTURE  OF  HEXAGONAL  POWDER  AT  DU  FONT'S  POWDER-MILU 

Plate  IX. 

The  proportions  of  the  ingredients  of  hexagonal  powder  conform  1 
the  United  States  standard,  and  up  to  the  completion  of  the  incorpor 
tion  in  the  wheel  mill,  its  manufacture  is  like  that  of  ordinary  powder 

Mealing, — The  wheel  mill  cake  is  revolved  in  a  cylinder  of  wirewo^ 
cloth,  with  wooden  balls,  until  it  is  mealed. 

Pressing, — The  mealed  ponder  is  then  carefully  pressed  between  hoi 
zontal  metallic  plates  or  dies.  The  powder  comes  out  in  a  sheet  or  cal 
of  polyhedral  granules  united  along  their  vertical  edges,  the  dies  beii 
nearly  perfect  dodecahedrons. 

Graining, — The  press-cake  is  passed  between  rollers  armed  with  bra 
cutting  teeth  at  an  angle  of  from  6(P  and  120^  to  the  axis,  which  cut  tl 
cake  into  granules,  their  cross-section  being  almost  hexagonalj  when< 
the  powder  derives  its  name. 

Qlazing, — The  i)owder  is  then  sent  to  the  glazing-mill  and  glazed. 

Brmhing, — The  powder  is  next  passed  repeatedly  through  the  bru8 
ing-machine.  This  consists  of  a  frame  with  brushes  revolving  near  { 
inclined  plane  along  which  the  powder  passes  by  the  motion  of  tl 
brushes. 

Drying, — The  brushing  ended,  the  powder  goes  to  the  dry -house  whe 
it  is  dried.  The  ix)wder  is  now  minutely  examined,  its  specific  gravi 
taken,  and  a  count  made  of  the  granulation ;  a  variation  of  two  granul 
to  the  pound  being  enough  to  condemn  the  i)owder. 

Behrushing  and  redrying, — If  satisfiictory,  the  powder  is  again  pass< 
through  the  brushing-machine,  redried,  and  then  receives  a  third  brus 
ing. 

Packing, — The  powder  is  now  packed  in  barrels  and  is  ready  for  i 
spection. 

PRISMATIC  PERFORATED  CAKE  POWDER. 

The  adoption  of  this  form  of  x)owder  by  some  nations,  and  produCti( 
of  suitable  machinery  for  its  manufacture,  necessitated  the  use  of  press 
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of  peculiar  constractiou  to  insure  sufficient  and  uniform  density ;  the 
press  (Plate  VIII)  to  be  so  devised  as  to  produce  uniform  size  and  shape 
of  grains,  and  allow  their  ready  withdrawal  from  the  molds ;  the  sur- 
faces snch  as  to  allow  close  packing  in  a  given  space.    These  considera- 
tions led  to  the  adoption  of  a  regular  geometrical  figure ;  the  hexagon 
offers  a  good  shape  for  piling,  the  angles  being  all  sufficiently  obtuse  to 
prevent  breaking  or  spawling  at  the  edges.    Each  layer  and  the  whole 
cartridge  is  easily  made  np.    Perforations  were  found  necessary  to  in- 
sure better  and  more  uniform  control  of  combustion  in  the  grain.    The 
uumber  of  perforations  first  adopted  were  seven — one  central,  the  other 
six  at  eqnal  distances  firom  the  central  one — although  one  perforation  in 
the  center  has  been  found  sufficient. 

PREPARATION  OF   THE  POWDER-BASE. 

The  ingredients  for  the  manufacture  of  the  powder-base  are  the  same 
as  used  in  manufacture  of  ordinary  powder.  The  pulverized  materials 
for  220  iK)ands  are  placed  in  a  wooden  drum  lined  with  sole-leather,  with 
330  i)ounds  of  bronze  balls,  and  subjected  to  1,440  revolutions  at  the  rate 
of  8  or  10  per  minute.  The  powder  is  then  brought  to  the  moistening 
table  of  wood  surrounded  by  an  upright  edge,  over  which  is  suspended 
a  graduated  glass  measure  having  a  cop[>er  pipe  and  rose  at  the  bottom. 
On  the  table  a  charge  of  55  pounds  of  powder  is  spread  and  moistened 
with  2|  quarts  of  distilled  water.  It  is  then  passed  from  a  hopper  to  an 
endless  canvas  belt  20  inches  wide,  between  a  lower  pai)er  and  upper 
bronze  roller,  weighing  2,425  pounds,  making  a  revolution  in  twelve 
minutes.  The  bronze  roller  can  be  weighted  to  exert  a  pressure  of  60,000 
I)ouuds.  The  powder  is  then  broken  into  coarse  lumps  by  wooden  mal- 
lets, and  granulated  to  two  sizes  of  grains ;  the  first,  cannon  powder — 
used  for  manufacture  of  the  prisms — ^is  passed  through  a  sieve  of  0.26 
inch  diameter  of  holes. 
« 

MANUFACTURE  OF  PERFORATED  PRISMATIC   POWDER. 

Ordinary  grain  powder,  made  as  above,  is  of  a  specific  gravity  of  1.5, 

and  too  elastic  for  use  in  the  press.    By  reworking  it  loses  a  part  of  its 

elasticity,  and  is  then  fit  for  formation  of  the  prisms  by  the  following 

process:  The  powder-base,  as  above,  is  moistened  with  !>  per  cent,  of 

^ater,  passed  through  the  spindle  press  with  the  prescribed  pressure 

and  granulated  grain  and  dust  being  collected  in  a  receptacle.    This 

^xture  of  grain  and  dust  is  dried  in  the  air  or  by  artificial  heat  till  1 J 

l^^  cent,  of  the  moisture  remains.    It  is  placed  in  a  mixing-drum — 220 

l^^iuds  of  powder  and  330  pounds  of  bronze  balls — and  subjected  to  1,440 

'^^'olutions,  moistened  and  pressed  as  before,  giving  it  a  specific  gravity 

^^  1.675  to  1.75.    It  is  granulated  and  separated,  the  cannon  size  again 

^ed  by  air  till  6  per  cent,  in  dry  weather  of  moi.^ture  remains,  and 

*^*^ced  in  barrels  covered  with  damp  cloths  for  use. 

FORMATION  OF  PRISMS. 

The  press  for  this  purpose  is  constructed  to  give  a  pressure  of  65,000 
^Unds  per  square  inch.  It  consists  of  a  heavy  casting  on  a  stone 
^Undation  5  a  main  and  secondary  shaft,  one  fixed  and  two  movable 
^'t>s8-head8.  The  main  shaft  carries  a  heavy  wheel  at  each  end,  over 
^hich  belts  conduct  the  power  from  the  center  shafting  to  the  press.  It 
^^  a  clutch  operated  by  a  lever  for  starting  and  stopping  the  machine; 
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two  pinions  on  the  main  operate  fireared  wheels  on  the  secondary  shi 
on  which  two  eccentrics  and  cranks  operate  respectively,  by  connecti 
rods,  the  lower  and  upper  movable  cross-heads.  These  have  each 
hexagonal  stamps  perforated  with  seven  holes,  which  enter  correspoj 
ing  hexagonal  molds  on  the  lower  cross-head.  Six  groups  of  sev 
needles  are  fixed  in  such  position  that  they  extend  up  through  the  p 
forations  of  the  lower  stamps  throughout  into  the  molds  and  enter  t 
perforations  of  the  upper  stamps  as  the  latter  descend  to  press  ti 
powder  in  the  molds ;  these  form  the  perforations  in  the  prisms.  TJ 
eccentrics  and  cranks  operating  the  cross-heads  are  timed  so  thatwlw 
the  upper  stamps  have  reached  their  lowest  iK)int  of  descent,  the  low 
ones  are  moving  upward  giving  the  extreme  pressure,  after  which  tl 
upper  stamps  ascend  and  the  lower  ones  simultaneously  push  the  iw 
forated  prisms  up  from  the  molds.  The  lower  stamps  constitute  tl 
bottom  of  the  molds.  The  molds  are  filled  from  a  hopper  having  a  tab 
with  forward-and-back  motion,  containing  six  suitable  measures  whic 
receive  the  powder  from  the  hopper;  the  charging  table  moves  forwai 
and  drops  the  charge  in  the  molds ;  its  edge  carries  the  prisms  brou«:l 
up  from  the  mold  to  an  inclined  shelf,  whence  they  are  removed.  Tl 
capacity  of  the  powder  measures  can  l)e  regulated  as  desired.  Tv 
rooms  are  required  for  each  press ;  one  for  the  presi?,  the  other  for  tl 
prisms. 

Before  starting  the  press,  the  mold-needles  and  stamps  and  all  rul 
bing  surfaces  ought  to  be  oiled  with  a  light  pure  oil  or  graphite. 

All  surplus  lubricant  must  be  wiped  ott*.  The  powder  to  be  pressc 
ought  to  have  at  least  oj  per  cent,  of  moisture.  The  moist  prisms  weig 
about  620  grains  each,  and  must  not  vary  more  than  5  grains.  The  fir 
two  sets  of  prisms  should  be  rejected  because  of  excess  of  oil.  Tl 
weight  of  prisms  miust  be  verified.  Three  men  can  work  a  press ;  a  ca 
rier  for  every  press  is  also  required.  The  height  and  weight  of  tl 
prisms  must  be  verified  from  time  to  time,  and  the  powder  in  the  ho 
per  stirred  from  time  to  time.  Loose  powder  must  be  brushed  awi 
from  the  stamps  and  top  of  the  molds ;  lubricate  as  often  as  once  '* 
hour.  If  a  needle  breaks,  stop  the  press  and  replace  it  at  once,  i 
dry  days,  the  powder  loses  moisture ;  this  will  be  indicated  by  increas 
height  of  prisms  or  ^ibrations  of  the  press,  in  which  case  moisten  wi 
J  per  cent,  of  moisture,  which  is  done  in  a  drum  by  a  fine  n 
sprinkler.  The  prisms  pressed  by  the  press  contain  about  5  per  ce 
of  moisture,  and  must  be  dried  to  about  J  per  cent,  by  exposure  to 
or  ou  shelves  in  a  suitably  arranged  drying-room ;  they  are  then  expos 
to  a  temperature  of  lliO^  Fahr.  for  48  hours,  and  are  ready  tor  packii 

The  prisms  are  piicked  in  wooden  boxes  in  layers  (12  rows  of  11,  a 
11  rows  of  9,  G  deep)  weighing  about  110  pounds  to  the  box. 

The  prisms  are  regular  hexagons  0".992  high  and  1".6  width  acn 
the  angles.  The  packing-boxes  are  of  inch  stutf,  and  may  be  tin-lin< 
Two  sheets  of  feltr-the  smaller  at  one  end,  the  other  on  top — keep  t 
prisms  from  rubbing  against  each  other  in  transpoitation. 

The  boxes  have  rope  handles,  and  are  marked  with  the  weight,  kh 
place,  and  date  of  fabrication  of  the  powder. 

THE  PELLET  POWDER  MACHINE. 

Pellets  are  formed  by  compressing  the  powder  meal  into  metal  mol 
Various  shai)es  and  sizes  were  tried;  some  were  flat  discs,  others  prisi 
but  the  shape  which  found  most  favor  at  first  was  the  cylindrical  pel 
J  inch  in  diameter  by  J  inch  in  length,  and  weighing  9.5  grains.     Grig 
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ally  these  were  made  by  hand,  but  it  was  soon  apparent,  that,  if  required 
in  large  quantities,  machinery  would  have  to  be  devised  for  their  prof 
duction;  consequently  a  large  machine  of  somewhat  novel  description, 
and  capable  of  making  400  pellets  at  one  time,  wa«  designed  by  Dr.  John 
Anderson,  and  manufactured  at  Birmingham.  This  machioe  (Plate  V, 
Figs.  11  and  12)  is  worked  entirely  by  means  of  hydraulic  j)ower  derived 
from  an  accumulator,  which  atfords  a  pressure  equal  to  1,000  pounds  x>er 
square  inch.  The  machine  consists  of  two  hydraulic  cylinders,  with  a 
division  in  the  center  of  each,  thus,  in  reality,  making  four  cylinders;  in 
the  two  upper  ones  a  plain  cylindrical  ram  is  fitted,  which  merely  rises  and 
falls  as  the  water  is  admitted  underneath  the  ram  or  is  withdrawn. 
iei  t  These  rams  are  used,  first,  for  compressing  the  pellets,  and  second,  for 
b>  1  ejecting  them,  when  finished,  out  of  the  mold  plates.  The  two  lower 
^r  I  divisions  are  fitted  with  piston  rams,  securely  attached  to  cross-heads, 
which  are  unite<l  together,  and  also  connected  to  two  other  cross-heads 
above  the  cylinders  by  means  of  strong  wrought-iron  side  rods,  provided 
with  collars  working  betn^een  lugs  cast  upon  the  hydraulic  presses,  and 
80  adjusted  as  to  allow  only  a  certain  limited  travel  either  up  or  down. 
The  upper  cross-heads  can  be  a^ljusted  to  their  exact  positions  by  means 
of  screwed  threads  and  lock  nuts  on  the  upper  end  of  the  side  rods. 
fe  J  The  use  of  the  lower  piston  rams  is  to  close  the  upper  openings  in  the 
mold  plates  by  bringing  the  top  punches,  which  are  connected  to  the 
upper  cross-heads  by  a  gun-metal  plate,  down  upon  the  mold  plate,  and 
thus  confine  the  meal  powder  in  the  molds.  The  upper  rams  are  now 
pi^  slowly  raised,  and  these,  acting  upon  the  lower  punches,  compress  the 
powder  in  the  mold  plate.  After  the  proper  density  has  been  secured, 
the  action  of  the  lower  rams  is  reversed,  by  which  ineans  both  the  lower 
aad  upper  cross-heads  receive  an  upward  motion,  thereby  raising  the 
npper  punches  clear  out  of  the  way,  so  as  to  admit  of  the  compressed 
pellets  being  ejected  out  of  the  mold  plate,  and  this  is  done  by  giving  a 
farther  upward  motion  to  tbe  two  plain  cylindrical  rams.  This  will  be 
I  asl  better  understood  by  referring  to  the  enlarged  view  (Fig.  12),  where  the 
icf  f  mold  plate,  which  is  double,  may  be  supposed  to  contain  a  charge  of 
meal  powder  in  the  mold  ready  for  compressing  into  a  pellet.  The  lower 
part  of  the  mold  is  closed  by  the  lower  steel  punch  that  fits  the  mold 
very  accurately,  while  the  point  of  the  i)unch  rests  upon  the  top  surface 
of  the  plain  cylindrical  ram  in  the  upper  part  of  the  hydraulic  cylinder. 
The  upper  punch  is  also  of  steel,  but  much  larger  in  diameter  than  the 
lower  one. 

To  compress  the  powder  in  the  mold  and  form  a  pellet  requires  four 
Y^stinct  movements  of  the  machine.    Frst,  the  upper  punch  is  brought 
^*ovm  untU  it  rests  upon  the  mold  plate  and  closes  the  mold;  this  is 
^fifected  by  a  downward  motion  of  the  two  lower  piston-rams,  to  which 
****©  upper  and  lower  cross-heads  are  connected  together  with  the  upper 
P^ches.    Secondly,  the  lower  punches  are  raised  by  the  two  upper  plain 
^^s.  and  the  powder  is  compressed  in  the  mold   between  the  two 
^^tiches.    Thirtlly,  when  the  pellet  is  sufficiently  compressed,  the  upi)er 
P^tiches  are  raised  from  off  the  mold-plate,  this  being  done  by  revers- 
es the  action  of  tlie  two  lower  piston-rams  untd  the  upper  cross-head 
?^<1  punches  are  at  a  sufficient  height  to  admit  of  the  compressed  pellet 
^^ing  ejected  out  of  the  mold  plate.    This  fourth  and  last  operation  of 
^^ting  the  pellet  is  effected  by  allowing  the  upper  plain  rams  to  rise 
^^^ill  further,  and  thus  force  the  finished  pellet  out  of  the  mold  by  means 
^^  the  lower  steel  punches. 

All  these  operations  are  simply  and  readily  performed  by  means  of  a 
^"^ry  ingenious  armngement  of  values,  the  attendant  having  nothing  to 


Jin 


ST?*. 

Ifeer 

L  I 

or- 


128         REPORT  OF  THE  CHIEF  OF  ORDNANCE. 

do  beyond  placing  a  handle  in  the  several  x^ositions  indicated  od 
>dial.  These  valves  are  so  constructed  that  the  water-power  is  aduiitt 
to  the  two  presses  simultaneously,  whilst,  by  a  self-acting  arraugeniei 
the  pressure  is  shut  off  by  the  press  itself  when  it  has  traveled  the  i 
quired  distance.  A  relief  vahe  is  also  provided  to  allow  auj^  excessi 
pressure  to  escape  should  it  accumulate  from  any  cause,  and  ti 
l>revents  damage  happening  either  to  the  pipes  or  other  parte  of  tl 
apparatus. 

It  is  seen  that  a  machine  of  this  desciiption  is  capable  of  making  p( 
lets  of  almost  any  shai>e,  such  as  cylindrical,  hexagonal,  prismatic,  or- 
what  is  possibly  the  best  of  all — spherical,  by  merely  altering  the  for 
of  the  mold  and  punches.  In  the  machine  referred  to  thei-e  are  (on 
revolving  table,  the  fmmework  of  which  is  made  of  gun-metal),  four  mol 
l)lates  fitted ;  each  contains  200  holes,  but  as  there  are  only  two  hydraul 
presses  to  the  machine  it  follows  that  only  two  sets,  or  400  molds,  ai 
under  compression  at  one  time,  so  that  if  we  number  these  mold  plat« 
consecutively,  then  Nos.  1  and  3  will  be  under  pressui-e  whilst  Nos.  2  an 
4  are  being  filled.  When  the  powder  in  Nos.  1  and  3  mold  plate 
sufficiently  compressed,  and  the  pellets  formed  therein  have  been  I'emove 
the  entire  table  is  turned  one-fourth  of  the  way  round  by  means  of 
handle  and  a  toothed  pinion  working  into  corresponding  teeth  provide 
round  the  periphery  of  the  gun-metal  table,  the  revolving  of  which 
much  assisted  by  eight  small  anti-friction  rollers  fixed  to  the  cast-irr 
frame  of  the  machine ;  these  rollers  support  the  gun-metal  table  as 
Involves  upon  its  crwn  center.  Nos.  2  and  4  mold  plates,  which  ba^ 
been  wholly  filled  with  meal  i)owder,  ai*e  now  brought  under  the  citw 
heads  of  the  machine  and  ai^e  in  position  for  tbe  i)owder  contained  therei 
to  be  compressed  into  pellets,  whilst  Nos.  1  and  3  in  turn  take  their  placi 
to  be  refilled  5  the  operation,  therefore,  of  pressing  and  refilling  are  coi 
tinuous,  and  the  machine  is  capable  of  producing  a  large  quantity  < 
pebble  powder  i)er  day  and  with  very  little  waste. 

THE  PEBBLE-PO^^^)ER  MACHINE. 

Since  the  pebble  powder  was  first  brought  into  use,  another  descri 
tion  of  large-grain  powder,  called  ^'  pebble  powder,"  has  been  introdua 
for  service  with  guns  of  large  caliber.  This  pebble  powder  is  formed 
large  gniins  ranging  from  eleven  sixteenths  of  an  inch  to  as  much  as 
inch  cubes ;  to  manufacture  this  class  of  powder  expeditiously  and  cheap] 
has  brought  forth  another  description  of  machine  for  forming  the  pebbl 
by  cutting  up  previously  compressed  cakes  into  cubes  of  the  requir 
dimensions.    This  is  done  in  the  following  manner: 

The  cake  as  brought  fix)m  the  press-house  is  of  the  thickness  of  t 
required  cubes ;  this  cake  the  machine  hsp  to  cut  up — first,  into  lo 
strips  of  the  same  width  as  the  thickness  of  the  cake ;  and,  second 
to  cut  these  long  strips  transversely  into  cubes.  This  is  accomplish 
in  the  machine  by  means  of  two  pairs  of  rollers  in  the  following  manni 
The  cake  is  fed  to  a  hopper  immediately  above  the  first  pair  of  rolle 
provided  with  knives  upon  their  surfaces  to  cut  the  cake  into  long  stri 
The  strips  fall  on  an  endless  traveling  baud,  which  conv^eys  and  carr 
them  to  the  second  pair  of  rollers  where  they  are  cut  transversely  ii 
cubes.  They  then  drop  into  a  spout,  and  are  delivered  to  a  revolvi 
sifter  covered  with  copper  wire,  which  conveys  the  cubes  to  a  number 
wooden  boxes  contained  in  a  small  gun-metal  truck  ^  the  dust  and  sm 
pieces  foil  through  the  sifter  into  other  boxes,  and  are  taken  back  to  t 
press-house  and  worked  up  again.    . 
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The  filming  of  this  machine  (Plate  VI^  Fig.  13)  is  composed  entirely 
of  gun-metal,  and  has  the  requisite  seatings  cast  upon  it  for  the  recep- 
tion of  tke  several  brackets  and  pedestals,  which  are  also  of  gun-metal, 
as  well  as  the  cutting  rollers,  each  pair  being  about  7  inches  in  diameter, 
with  a  aamber  of  ecjuidistant  teeth  formed  upon  their  surfaces  out  of 
the  solid  metal.  "^   r;^ 

These  rollers  ai*e  securely  fixed  npon  wrought-iron  shafts,  which  re- 
ceive their  motion  from  a  main  driving  shaft  by  spur  gearing.  The 
under  side^  of  the  bearings  of  these  rollers  are  planed  and  faced  so  as  to 
slide  in  their  respective  brackets.  One  of  each  i)air  of  bearings  is  fitted 
witii  a  spring  box  controllexl  by  a  set  screw,  by  means  of  which  the  amount 
of  resistaMce  to  the  opening  of  the  I'ollers  is  adjusted.  Blocks  of  hard  woo(l 
are  also  fitted  between  each  pair  of  bearings  to  act  a«  stops,  and  thus 
determine  the  minimum  distance  between  the  surface  of  the  rollers,  and 
an  adjustable  gun-metal  scraper  is  fitted  to  each  roller  for  removing  the 
surplus  powder  from  its  surface. 

A  skeleton  carrying  band,  made  of  two  leather  belts  fitted  with  ash 
crossbars  of  a  triangular  section  and  at  about  3  inches  apart,  is  provided. 
These  wooden  cross-bars  are  riveted  with  copper  rivets  to  the  leather 
beks  and  to  gun-metal  strips  upon  their  under  side^  these  strips  being  of 
wicli  a  form  as  to  serve  the  pnri)ose  of  teeth  for  driving  the  band,  ^is 
endless  band  works  upon  two  gun-metal  drums ;  the  one  is  driven  by 
gearing  from  the  main  shaft,  and  the  other  is  fitted  in  adjustable  bear- 
ings, which  can  be  tightened  by  means  of  a  screw  so  as  to  take  up  any 
iilack.  These  drums  are  made  with  flanges  at  each  end,  and  have  re- 
cesses formed  on  their  barrels  to  receive  the  gun-metal  projections. 

A  sliding  table  made  of  hard  wood  and  provided  with  four  gun-metal 

grooved  wheels,  which  travel  npon  V  rails,  also  of  gun-metal,  is  fitted 

to  work  underneath  the  carrying  band,  and  travels  at  a  uniform  rate  of 

»peftl.    The  top  surface  of  this  table  is  covered  with  leather,  and  made 

perfectly  smooth ;    a  reciprocating  motion  is  given  to  it  by  means  of  an 

endless  "chain  of  sheet  copper,  npon  one  link  of  which  a  stud  is  fitted 

aiid  works  in  a  gun-metal  block  that  slides  in  a  bracket  fixed  upon  the 

Qnder  side  of  the  table.    A  weighted  gun-metal  frame  is  also  provided, 

^Dd  so  adjusted  that  the  under  side  of  it  rests  upon  the  upper  surface  of 

^be  bars  of  the  carrying  band ;  the  ends  of  this  frame  are  fitted  with  gun- 

^^tal  stay-ro<ls  which  project  and  work  in  slotted  brackets  connected  to 

^ke  machine;  the  frame  is  by  this  means  free  to  rise  if  the  pressure  from 

^'^y  cause  exceeds  that  of  the  weights  by  which  it  is  held  down.    The 

'ijider  side  of  the  frame  is  planed  and  made  perfectly  smooth,  so  as  to 

^Uow  the  carrying  band  to  work  freely  between  its  under  side  and  the 

^Pper  side  of  the  sliding  table. 

The  feeding  web,  which  is  made  of  strong  Dowlas  canvas,  is  driven 
yy  a  gun-metal  drum  7  inches  in  diameter,  the  following  roller  being  IJ 
Inches  in  diameter;  the  top  surface  of  this  web  is  supported  by  a  board 
^  prevent  its  sagging,  and,  in  addition,  the  bearings  wherein  the  shaft 
^  the  driving  dram  revolves  are  provided  with  slides  made  adjustable 
^y  means  of  screw-gearing. 

-A  revolving  sifter  is  fitted  underneath  the  second  pair  of  rollers,  and 
^forks  in  bearings  bolted  to  the  under  side  of  the  framing  of  the  machine ; 
*^is  sifter  is  composed  of  a  number  of  gun-metal  drums  keyed  upon  a 
^*iaft,  and  its  x)eriphery  is  covered  with  copper  wire,  the  whole  being  in- 
closed in  a  wooden  casing.  Underneath  the  sifter  three  sliding  boxes 
^^*«  placed  to  receive  the  dust  and  small  pieces  which  pass  through  the 
^^pper  wire  covering  of  the  screen.  At  the  end  of  the  sifter  a  gun-metal 
^^veling  truck  or  carriage  is  provided,  with  four  wlieels  adapted  to  run 
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opTHi  V  '^n-voir^  raiL^  Ax^i  uxomh  t^  i^i^^r.  lliis  carriage  is  capable  of 
hoUlin;^  five  wrx^o  rj»>x«:$w  esuetk  ab»>fxt  I>  in^dke^  square,  into  which  the 
finij^b^  pelx/k3»  flAlI  frtxa  ih«^  efl«i  tit'  Uiie  sirtcr  as  it  slowly  revolves.  A 
woodeo  b*>ppier  of  ^7I^U^X4rfIl  w^i;h  co  c«>ver  (Jm-  entire  laifrth  of  the  roller 
i»  provided  i'«>r  fee«iinz  tit^  pr^s«  cake  mco  the  first  pair^  and  a  sheet- 
copper  casing  i<  ttif^  1:0  th^  i^«^xi»l  pair,  with  a  i^Mwt  at  the  bottom 
for  eonvf-yin^r  the  p^.»bkT?  into  the  «tfter. 

All  expoiiied  part^  $Q«:h  a$  the  efi!•i^  of  wroazht-iron  shafts,  &c,  are 
covered  with  reeet^ised  ^nm-metai  wa:^hef9  seeordy  fixed  to  them,  and 
any  others  which  may  be  made  o(  in>n  or  st^ei  are  covered  with  leather. 
All  bearings  are  fiaeid  with  ^^table  lubricators^  and  channels  or  pipes 
for  conveniently  and  ei3&t:iently  Inbricating  the  rubbing  sorfoces ;  and, 
as  it  is  or  the  ntmo^  imp*>rtance  that  no  oil  or  greasebe  permitted  to 
come  in  contact  with  the  powder,  the  bcarin«:s  of  the  cutting  rollers  aie 
fitted  with  sheet  copper  ca^ngs  made  in  halves  and  hinged,  so  that  the 
upper  part  can  be  lifttd  and  the  bearings  cleaned.  The  <»pper  casings 
at  the  geared  end  of  the  pollers  are  suAiciently  large  to  contain  the 
wheels  and  act  as  drip-pans. 

The  pebbles  firom  thi>  machine,  as  well  as  the  pellets  from  the  hydraohc 
apparatus,  are  generally  taken  to  the  glazing  barrels  to  glaze  them  and 
round  off  the  sharp  comen^ 

WIK5KR  POWDER. 

Colonel  Wiener,  of  the  Russian  artillery,  has  patented  a  process  of 
making  gtinpowder,  claimed  to  be  superior,  and  its  manufacture  safer, 
simpler,  cheaper,  and  more  expeditious,  than  that  made  by  the  ordinary 
process ;  its  peculiarity  is  the  exclusion  of  water  and  substitution  of  heat 
to  340^  Fahr.,  in  forming  press-cake.  The  cake  is  broken  into  grains  as 
usual ;  the  powder  is  free  from  dust ;  it  absorbs  less  moisture,  and  h 
said  to  have  greater  and  more  uniform  force.  The  saving  is  estimated 
at  40  per  cent.  Samples  were  shown  in  the  Russian  exhibit  at  the  Cen- 
tennial exhibition  at  Philidelphia. 

ITALIAN  ^^PBOGR£SSIVE  POWDER*' 

Is  made  of  grain  powder  of  various  sizes,  from  0.1  to  O.G  inch,  and 
^^  farina^  or  meal  powder,  mixed  in  proportions  of  1  and  2  of  grain  to  1 
of  meaL  This  mixture  is  pressed  into  cakes  of  various  thickness  and 
broken  up  into  irregular  grains — resembling  our  mammoth  powder,  and 
cubes  from  1  to  2  inches  on  a  side — (the  pressure  reduces  the  mass  to 
about  two- thirds  of  its  thickness,  or  say  1.75  specific  gravity.)  The  ir- 
regular grains  and  cubes  make  up  the  charge. 

GUN-COTTON. 

This  comparatively  new  and  powerful  explosive  has  not,  as  yet,  ob- 
tained favor  in  military  circles,  on  account  of  its  supposed  want  of  sta- 
bility. Recent  exx)eriments  and  investigation  tend  to  show  that  thui 
snpi)Osition  is  not  warranted,  if  the  gun-cotton  is  properly  prepared. 
Its  manufacture  should  be  intrusted  to  competent  and  responsible  par- 
ties only,  and  conducted  with  the  greatest  care  and  circumspection.  A 
factory  has  been  established  at  Waltham  Abbey,  under  the  immediate 
supervision  of  officers. 

In  all  the  various  stages  of  manufacture,  the  gun-cotton  is,  in  a  wet 
state,  entirely  harmless,  and  its  manipulation  unattended  with  danger. 
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pedal  buildings  and  precautions  are  therefore  not  required  in  its  manu- 
kctore;  brick  buildings  and  steam  motors  are  available. 

Long  staple,  high  quality,  raw  cotton  is  the  best.  Waste  cuttings, 
ich  as  is  usea  for  cleaning  machinery,  is  preferred,  for  the  reason  that 
;  has  been  thoroughly  cleaned.  The  waste  must  be  free  from  impurities, 
ach  as  seed-husks  and  foreign  substances,  and  dry.  It  is  first  picked 
Ter  by  hand,  and  then  pass^  through  a  machine  with  toothed  rollers, 
rfaich  open  and  loosen  the  cotton,  and  subject  it  to  a  strong  blast  to  blow 
»flf  foreign  matters. 

To  remove  moisture  absorbed  at  ordinary  temx)eratures,  it  is  subjected 
0  a  temperature  of  126°  for  20  minutes  in  a  drying  room,  heated  by  air 
n  contact  with  coils  of  hot  pipes ;  ventilation  carrying  off  the  moisture. 

The  cotton  is  fed  by  a  trough  to  endless  belts,  with  a  slow  motion, 
carrying  it  from  one  belt  to  another,  and  leaving  it  in  a  close  closet. 
When  tiioroughly  dry,  it  is  weighed  out  in  parcels  of  about  one  pound, 
md  stored  in  a  cool  place,  in  closed  tin  boxes. 

The  acid  used  must  be  highly  concentrated  and  of  uniform  specific 
^vity ;  the  nitric  1.52  and  the  sulphuric  1.85.  The  acids  are  thoroughly 
mixed  in  the  proportion  of  three  sulphuric  to  one  of  nitric,  by  weight,  first 
placed  in  separate  tanks,  provided  with  pipes  or  outlets  and  brought  to- 
gether in  a  single  pipe,  in  which  a  mixer  mov^s  by  a  pulley  on  the  out- 
side. After  mixing,  the  acids  are  forced  into  tanks  well  covered  and 
allowed  to  cool  to  the  temperature  of  the  atmosphere. 

The  cotton  being  immersed  in  the  acids,  the  nitric  acid  acts  on  the 
cotton,  and  this,  with  the  liberated  water,  causes  considerable  heat, 
which  must  be  regulated  and  controlled.  For  this  purpose  the  vessels 
in  which  the  cotton  and  acids  are  placed  are  surrounded  by  cold  water. 
The  tanks — 14  inches  wide,  2^  feet  long,  and  16  inches  deep,  filled  with 
the  proper  measure  of  acids — are  placed  in  troughs,  through  which  a 
constant  flow  of  water  is  kept ;  into  these  tanks  the  one-pound  charges 
of  cotton  are  dipped.  Each  workman  is  charged  with  three  consecutive 
tanks ;  he  receives  the  charges  for  these,  plunges  the  first  into  a  tank 
and  leaves  it,  then  plunges  a  charge  into  the  second  and  third  tanks. 
By  this  time  the  charge  in  the  first  tank,  having  been  exposed  sufliciently 
long  to  the  action  of  the  acids,  is  taken  out  with  an  iron  fork  and  laid 
on  a  grating,  where  the  acid  is  removed  as  far  as  can  be  by  using  the 
fork  as  a  lever.  The  charge  is  then  placed  in  an  earthen  jar,  covered, 
and  deposits  in  the  soaking  room  for  24  hours  in  a  basin  of  water.  The 
cotton  absorbs  about  eleven  times  its  weight  of  acids.  The  workman 
"eplaces  this  amount  with  fresh  acids  in  the  tanks,  puts  in  a  new  charge, 
md  proceeds  to  the  second  tank,  going  through  the  same  operation  as 
ibove,  and  so  on. 

During  the  24  hours'  experience  in  the  soaking  room  the  greatest  care 
lust  be  taken  that  no  water  comes  in  contact  with  the  cotton,  as  it 
'^ould  cause  the  ignition  and  entire  combustion  of  the  cotton.  Ii  such 
n  accident  occurs,  strong  fumes  of  nitrous  acid  are  evolved,  and  the  jars 
lust  be  removed  to  the  ox)en  air  at  once. 

The  next  operation  is  to  get  rid  of  the  free  acid  in  the  cotton,  which 
\  done  by  a  centrifugal  drying-machine,  30  inches  in  diameter,  making 
,500  revolutions  per  minute.  The  machine  receives  the  contents  of  six 
ITS,  uniformly  distributed,  before  setting  it  in  motion.  When  the  acid 
Bases  to  drop  from  the  cotton,  it  is  taken  out  and  the  remaining  acid  re- 
lOved  by  washings  in  fresh  water.  Large  tubs,  provided  with  wooden 
heels,  are  used,  small  portions  of  the  cotton  being  plunged  and  sub- 
lergea  at  once  to  prevent  its  ignition.    It  is  then  dried  in  a  centrifrigal 
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machine,  again  washed  and  dried,  and  then  reduced  to  pulp  in  an  or- 
dinary pulping  machine. 

The  pulp  is  then  run  into  a  poaching  machine,  where  it  is  repeatedly 
washed  in  fresh  water,  and  finally  in  water  slightly  alkaline,  lliis  oper- 
ation is  continued  until  the  cotton  will  sustain  a  severe  heat  test,  and 
requires  from  48  to  100  hours ;  and  before  being  taken  from  the  poaching 
machine  is  washed  in  slightly  alkaline  water  of  carbonate  of  lime  and 
soda. 

The  g^n-cotton,  now  complete  as  far  as  its  explosive  quality  and  re- 
sistance to  change  are  concerned,  should  retain  3  per  cent,  of  the  alkalies. 
The  greatest  care  must  be  taken  that  none  of  the  details  of  manufacture 
are  slighted. 

To  control  the  explosive  power  of  gun-cotton,  the  pulp  is  compressed 
into  homogeneous  masses  of  required  form  and  density.  For  mining 
and  torpedoes,  it  is  pressed  into  disks  3  inches  in  diameter  and  1.75  inches 
thick,  of  a  density  a  little  greater  than  water  at;  60°  Fahr.  (between  1 
and  1.003).  Each  disk  has  two  holes^  0.2,  inch,  bored  through  it,  and 
weighs  about  9  ounces. 

A  pressure  of  15  tons  is  required,  provision  being  made  in  the  press 
for  the  escape  of  water.  The  *disks  are  packed  in  water-tight  boxes. 
After  filling  the  boxes,  water  is  poured  in  and  allowed  to  remain  some 
minutes,  after  which  the  water  is  poured  out  and  the  boxes  securely 
covered.    It  may  then  be  kept,  without  fear  of  accident,  indefinitely. 

Wet  gun-cotton  may  be  exploded  by  use  of  a  small  portion  of  dry  cot- 
ton and  a  detonating  fuse. 

The  fiictory  at  Waltham  Abbey  has  a  capacity  of  4,000  pounds  per 
day ;  and  the  cost  per  pound  is  42  J  cents. 
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APPENDIX  V. 

PROGRESS  REPORT  ON  POWDERS  FOR  4.5-INCH  RIFLE. 

With  the  view  of  determining  the  proper  charge  and  kind  of  powder 
for  use  in  the  4  J-inch  rifle,  the  Board  has  from  time  to  time  tested  samples 
of  powders  furnished  by  the  Messrs.  Du  Pont.  It  has  been  the  desire 
of  the  Board  to  get  a  powder  which,  using  about  7pound  charges,  with 
shot  weighing  35  pounds,  shall  give  a  muzzle  velocity  of  about  1,600  feet 
per  second,  with  a  corresponding  pressure  of  not  exceeding  35,000  to 
40,000  pounds  per  square  inch  of  bore. 

An  examination  of  the  accompanying  summary  of  results  obtained 
shows  that  the  H.  D.  No.  1  and  No,  2  gave  entirely  too  low  velocities ; 
the  H.  D.  No.  3,  good  velocities  and  pressures,  but  not  as  good  as  H.  D. 
No.  4,  which,  with  7  pounds  of  powder  and  25-pound  shot,  gave  an  aver- 
age velocity  of  1,578  feet  per  second,  with  a  corresponding  pressure  of 
27,750  pounds  per  square  inch  of  bore;  the  same  charge  of  powder  and 
35-pound  shot  gave  1,411  feet  velocity  and  31,250  pounds  pressure.  The 
H.  D.  No.  5  gave  good  velocities,  but  the  pressures  were  entirely  too 
high ;  the  same  may  be  said  of  the  H.  M.,  H.  N.,  and  H.  O.  samples. 

The  H.  Y.  and  H.  V.  powders  gave  excellent  results  with  charges 
below  6  pounds,  but  with  this  and  a  higher  charge  the  pressure  increased 
rapidly.  The  H.  V.  powder  was  specially  made  to  test  the  effect  of  re- 
tlucing  the  diameter  of  the  cartridge,  thereby  increasing  the  initial  burn- 
ing space.  Two  rounds,  each  of  4.5  and  6  pound  charges,  were  fired  on 
the  30th  of  April,  1879,  that  the  resulting  pressures  and  velocities  might 
be  ascertained  and  compared  with  those  obtained  with  other  powders. 
The  results  with  this  powder,  using  the  ordinary  sized  cartridge  bag,  were 
very  satisfactor>^  Those  using  reduced  bags,  while  showing  that,  with 
the  same  charge,  the  velocities  and  pressures  generally  diminished  as  the 
windage  increased,  are  too  meager  for  any  satisfactory  deductions. 

It  is  thought  the  Messrs.  Du  Pont  will  be  able  to  improve  even  upon 
the  best  results  so  far  obtained ;  the  Board  therefore  propose  to  continue 
these  experiments.  So  far  the  H.  D.  No,  4  powder  has  given  the  best 
results. 
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APPENDIX  I*. 

PROGRESS  REPORT  ON  POWDERS  FOR  8-INCH  RIFLE. 

The  powders  tested  in  the  S-inch  converted  breech-loading  rifle  were 
Du  Pont's  hexagonal  F.  P.  B.  powder,  density  1.785,  granulation  67 } 
Da  Pont's  hexagonal  G.  H.,  the  same  density  and  granolation  as  F.P.  B., 
and  intended  to  be  a  duplicate  of  it;  and  finally  Du  Pont's  hexagonal 
E.  Y.  J.,  density  1.750,  and  granulation  72.  The  G.  H.  powder,  it  \nll  be 
seen  from  the  record,  did  not  give  as  good  results  as  the  F.P.B.,  and 
this  inferiority  did  not  result  from  any  great  difference  in  the  age  of  the 
powders,  nor  from  any  difference  in  the  seasons  of  the  year  when  fired« 
It  probably  arose  from  some  unavoidable  difference  in  the  manu&cture 
or  some  variable  atmospheric  conditions. 

The  E.  Y.  J.  gave  better  results  than  either  of  the  others,  as  far  as 
velocities  are  concerned,  for  the  same  charge,  but  the  pressures  are  some- 
what higher,  though  hardly  enough  to  be  considered  dangerous.  It  is 
probable,  however,  that  better  results  will  be  obtained  both  with  F.  P.  B. 
and  G.  Bl.  by  increasing  the  charge  of  powder,  but  as  this  gun  has  to  be 
tested  for  endurance,  it  was  deemed  advisable  to  keep  the  charge  to 
what  has  heretofore  been  considered  standard. 

The  same  powders  were  also  fired  from  some  of  the  8-inch  muzzle- 
loading  converted  guns,  and  the  same  remarks  will  apply  as  to  the 
results  obtained.  The  other  powders  tried  were  Oriental  hexagonal; 
Du  Pont's  hexagonal  H.P.,  H.Q.,  and  E.V.  L.,  and  Laflin  &  Rand's 
polyhedral,  but  none  of  them  gave  as  good  results,  except  the  E.  V.  L., 
which  is  a  duplicate  of  E.  Y.J. 
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APPENDIX  r. 
PROGRESS  REPORT  ON  3.5-INCH  "DEANE"  BRONZE  GUN. 

(One  plate.) 

This  gun,  fully  described  in  the  Eeport  of  the  Chief  of  Ordnance  for 
1877,  page  653,  has  been  fired  in  all  to  date  50  times. 

Three  different  powders  have  been  so  far  used  in  the  test :  "  Mortar," 
granulation  77,350;  "Mortar  E.Z.,'^  granulation  25,888;  and  " Mortar  E. 
Z,A.J^  granulation  31,232.  Three  Afferent  weights  of  projectiles  have 
also  Deen  fired :  shells  empty;  shells  loaded  with  sand  equal  in  weight 
to  weight  of  bursting  charge;  and  solid  shot;  weighing  respectively  15, 
15J,  and  16f  pounds,  but  all  of  the  Butler  pattern. 

A  summary  of  the  results  and  the  star-gauge  record  are  appended. 

The  gun  has  so  far  stood  the  test  for  endurance  satisfactorily ;  the 
greatest  enlargement  was  at  54"  from  the  muzzle,  and  only  0^^017. 

The  bore  remains  smooth  and  perfect,  no  sensiole  erosions  having  oc- 
curred. 

• 

Summary  of  results  of  firings  at  Sandy  Hooky  X.  J,y  tciih  Dean^s  3.5-iiicft  bronze  rifle. 

AVERAGES. 


Bates  of  filing. 


September  1, 1878 

September  1, 1878 

S«»tember  1  and  May 
„  i  1879. 

September  1, 1878* 

M»y  1,1879 -. 

J{*y  1.1879 

X«y  1,1879 

%1,1879 


Total. 


Number  of 

Powder. 

ProrjectUe. 

Pressures. 

Velocity.  • 

rounds. 

Kind. 

Charge. 

Kind. 

Weight. 

2 

2 
5 

10 

Mortar.. 

Mortar.. 
Mortar.. 

Mortar 

Paundn. 
24 

24 
3 

3 
3 
3 
3 

3 

SheU  fi11e<l 

with  sand. 

Solid  shot 

Sulid  shot 

Solid  shot 
Solid  shot. 

Shell 

Solid  shot. 
Shell 

Pounds. 
154 

161 
lOi 

163 

16J 

15 

16} 

15 

28,250 

28,000 
44,400 

1,264 

1.229 
1,311 

3 
7 
5 

16 

1 

E.Z  .... 

E.Z 

E.  Z.  A . . 
E.Z.A.. 

29,000 
25,  429 
22,600 
20,500 

1,186 
1,255 
1,227 
1,273 

50 

: 

1 
• 

"  Fired  at  mile  target.    Target  plottings  appended;  3  sighting  shot^. 
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Table  of  inlargemetiU  of  2^'inch  Deane  hronze  gun. 


Enlargement  of  bore,  mfter>- 


Inches  from  muzzle. 


Oriidnal 


uiameier 
of  bore.  , 

A  total 

A  total 

A  total      A  tot) 

of  16 

of  26 

of  36          of  K 

ronnda. 

ronnda. 

ronnda.  .  ronnd 

3.504 

0.006 

0.009 

0. 010          0. 

.504 

.006 

.009 

.010 

.504 

.005 

.010 

.010 

.504 

.005 

.010 

.011 

..'>03 

.006 

.012 

.012 

.503 

.006 

.011 

.012 

.503 

.007 

.012 

.012 

.503 

.007 

.013 

.013 

.503 

.007 

.013 

.013 

.504 

.007 

.012 

.012  ! 

.504 

.008 

.013 

.013 

.505 

.007 

.012 

.013 

.505 

.008 

.013 

.013  1 

.505 

.008 

.014 

.014  ' 

..•i05 

.009 

.014 

.014 

.505 

.010 

.014 

.015 

.505 

.010 

.015 

.015 

.505 

.010 

.015 

.015 

.505 

.009 

.015 

.015  1 

.505 

.009 

.016 

.016 

.505 

.010 

.015 

.015 

.505 

.010 

.015 

.015  1 

.505 

.010 

.015 

.015 

.505 

.010 

.014 

.015 

.505 

.009 

.014 

.014 

.505 

.008 

.014 

.014  ' 

..505 

.007 

.012 

.013 

.505 

.007 

.012 

.012 

.505 

.005 

.011 

.012 

.505  , 

.005 

.011 

.011  , 

.505 

.003 

.010 

.010  ' 

.505 

.003 

.010 

.010 

.505 

.003 

.009 

.010 

.505 

.002 

.009 

.009 

.505 

.001 

.008 

.009 

.505 

.001 

.008 

.008 

.505 

.001 

.008 

.008 

.505 

.001 

.008 

.008 

.505 

.001 

.008 

.008  . 

.506 

.000 

.007 

.007 

.506 

.000 

.007 

.007 

.506  , 

.000 

.007 

.008 

.506 

.000 

.007 

.008 

.506  1 

.000 

.007 

.008 

.506 

.000 

.007 

.008 

.506 

.000 

.007 

.008 

.506  1 

.000 

.007 

.008  ! 

.506 

.000 

.007 

.009 

.507 

.000 

.007 

.008 

.508 

.000 

.006 

.006  , 

.510 

.000 

.005 

.005  I 

.512 

.000 

.003 

.003  i 

.513 

.000 

.002 

.003  1 

.514 

.000 

.004 

.004  1 

.514 

.000 

.004 

.004 

.514  1 

.000 

.006 

.006  ' 

.514  1 

.000 

.006 

.006  { 

.514 

.000 

.006 

.006 

.513 

.000 

.007 

.007 

.513 

.000 

.009 

.009 

APPENDIX  r. 

HOTCHKISS  REVOLVING  CANNON,  CALIBER,  1.5  INCHES, 

(Seventeen  plates.) 

TRIALS  IN  1876  AND  1877. 

A  description  of  the  Hotchkiss  revolving  cannon. 

THE  GENERAL  SYSTEM. 

Hotchkiss  devolving  cannon  cannot  be  classed  with  mitrailleuses 
ordinary  sense  of  the  latter  term,  as  explosive  shells  are  fired  with 
mer,  and  it  has  a  range  equal  to  that  of  field-artillery, 
system  of  this  gun  may  be  explained  as  follows : 
)  barrels,  grouped  around  a  common  axis,  are  revolved  in  front  of 
.  breech-Diock,  which  has  in  one  part  an  opening  to  introduce  the 
Iges^  and  another  opening  through  which  to  extract  the  empty 

while  the  cartridges  are  fired  after  being  revolved  and  while  mo- 
;s  in  front  of  the  solid  portion  of  the  breech. 

exterior  aspect  of  this  revolving  cannon  resembles  the  Gatling 
Ueuse,  it  being,  on  the  other  hand,  entirely  different  in  its  interior 
nism. 

system  is  composed  of  two  distinct  parts,  viz^  the  barrels  with 
lisks  and  shaft,  and  the  frame  and  breech  containing  the  mechan- 

five  barrels,  made  of  the  finest  oil-tempered  cast-steel,  are  mounted 
1  a  common  axis,  between  two  disks,  on  a  central  shaft.  The 
of  barrels  are  in  this  way  placed  in  a  rectangular  frame,  which  is 
ed  to  the  breech,  the  near  end  of  the  shaft  penetrating  the  same 
3ive  the  rotary  motion  from  the  driving-gear, 
breech  itself  is  composed  of  a  solid  cast-iron  breech-block,  weigh- 
K)ut  386  pounds.  This  absorbs  the  greater  part  of  the  recoil.  It 
door  at  the  rear  end.  which  can  be  easily  opened,  so  that  the  me- 
im  is  freely  accessible,  and  can,  if  necessary,  be  dismounted  and 
vck  into  its  place  in  a  few  minutes  without  the  aid  of  any  special 

• 

peculiar  feature  of  this  gun  consists  in  the  barrels  remaining  still 
I  the  discharge,  so  that  there  is  no  movement  of  any  kind  to  im- 
Jie  accuracy  or  the  fire.  This  stop  or  lost  motion  is  obtained  by 
ape  of  the  driving- worm,  which  is  so  constructed  that  the  inclined 
g-thread  only  covers  half  its  circumference,  the  other  half  of  the 
I  being  straight.  The  effect  of  this  is  that  the  barrels  only  revolve 
I  half  a  revolution  of  the  worm,  and  stand  still  during  the  other 
evolution.  The  combination  of  tlie  mechanism  is  so  arranged  that 
ading,  firing,  and  extracting  takes  place  during  this  pause.  This 
e  is  of  great  importance  for  the  accuracy  of  fire  and  the  durability 
t  system. 

worm-shaft  projects  through  the  breech  on  the  right  side,  and  has 
ik  with  which  the  whole  system  is  moved;  on  the  left  side  of  the 
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worm-sbaft  a  small  crank  is  attached,  by  which  the  loa^ling  and  extrac- 
tion of  the  cartridge-shells  are  eftected  in  the  following  manner: 

On  the  interior  face  of  the  left  side  of  the  breech  a  cog-wheel  is  mounted, 
with  two  horizontal  racks,  the  one  being  placed  above  the  other  uoder 
this  cog-wheel,  and  parallel  to  the  axis  of  the  barrels,  so  that  in  monng 
one  of  these  racks  the  other  is  moved  by  the  cog-wheel  in  the  opposite 
direction.  Part  of  the  lower  rack  forms  a  vertical  slot,  in  which  the 
small  crank  on  the  left  side  of  the  worm-shaft  works.  The  rotation  of 
the  latter  consequently  gives  an  alternating  and  opposite  movement  io 
the  two  i*acks,  so  that  while  the  one  is  going  forwanl  the  other  moves 
back,  and  reciprocally. 

The  under  rack  forms  the  extractor;  the  upper  one  moves  a  piston 
which  drives  the  cartridge  into  the  barrels,  the  cartridge  being  placed 
before  the  piston,  in  the  trough  in  which  it  moves;  and  during  the  time 
the  barrels  ai'e  motionless  it  is  introduced  into  the  one  standing  before 
the  trough.  The  cartridge  is  not  "  driven  home"  entirely,  but  its  head 
is  in  view  of  an  inclined  plane,  cut  into  the  metal  of  the  breech,  on  whick 
it  slides  when  it  is  moved  by  the  rotation  of  the  barrels.  Tliis  completes 
the  introiluction  of  the  cartridge  into  its  chaml>er.  The  piston  itself  is 
a  simple  cylinder  connected  with  the  rack  and  running  in  a  slot  in  tlie 
conducting-trough. 

^VTien  the  racks  are  in  their  extreme  positions  they  remain  still  a  mo- 
ment. This  stop  is  obtained  by  giving  the  slot  in  its  center  part  a  cir- 
cular 8hax)e  concentrically  to  the  shaft  of  the  crank.  This  is  necessary, 
because  at  the  moment  of  the  barrels  arriving  at  the  end  of  their  com^ 
the  head  of  the  cartridge-case  becomes  engaged  in  the  hooks  of  the  ex- 
tractor, which  would  not  be  possible  if  it  were  in  motion  at  the  time. 

The  extractor  is  a  large  double  hook  at  the  end  of  the  bottom  rack;  it 
is  very  solid,  and  its  proper  working  is  certain  under  all  circumstances. 

After  the  cartridge  is  extracted  Irom  the  barrel  it  strikes  against  an 
ejector,  which  pushes  it  out  of  the  extractor,  and  it  falls  to  the  ground 
througn  an  opening  in  the  under  part  of  the  breech.  The  firing-pin  has 
an  elongation,  iiointing  downward,  which,  by  the  operation  of  a  spring, 
is  pressed  against  a  cam  on  the  worm,  and  as  the  worm  rotates  the  cam 
drives  the  firing-pin  back  and  compresses  the  spring.  The  moment  the 
firing-pin  becomes  liberated  it  strikes  the  primer  of  the  cartridge  and  tbe 
discharge  takes  place. 

To  obviate  the  difl&culties  which  exist  in  other  systems,  when  the  car- 
tridges are  piled  one  upon  the  other,  the  opening  of  the  introduction- 
trough  is  closed  by  a  little  door,  which  goes  down  by  the  weight  of  the 
cartridges,  the  first  of  which  drops  into  the  trough,  and  then  the  piston, 
in  moving  forward,  raises  the  door  and  allows  no  more  cartridges  to  enter 
until  the  proper  time. 

All  parts  of  the  mechanism  are  very  stix)ng  and  durable,  and  hardly 
exceed  in  number  those  of  an  ordinary  small-arm,  there  being,  besides  the 
group  of  barrels,  thirteen  parts,  viz  : 

1,  2.  The  breech-block,  with  its  door  for  closing  the  rear  end. 

3,  4,  5.  The  crank-shaft,  with  its  worm  for  mo\ing  the  barrels,  and 
small  crank  for  working  tne  loader  and  extractor. 

6.  The  crank. 

7,  8.  The  firing-pin  and  spiral  spring. 
1).  The  extractor. 

10, 11.  The  loading-piston  and  rack  for  moving  it. 

12.  The  cog-wheel  for  transmitting  the  movement  of  the  extractor 
the  loading-piston. 

13.  The  door  for  regulating  the  feed  of  cartridges. 
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operation  of  the  mechanism^  the  rapidity  of  fire^  and  the  number  of 

men  to  work  the  gun. 

he  oi)eration  of  the  mechanism  may  be  described  as  follows,  suppos- 
the  crank  to  be  in  continual  motion : 

L  cartridge  is  placed  in  the  introduction-trough,  the  piston  pushes  it 
>  the  barrel,  then  the  barrels  begin  to  revolve,  and  the  cartridge  is 
ried  on  till  it  arrives  before  the  firing-pin,  which  penetrates  the  solid 
t  of  the  breech,  and  which  has  in  the  mean  time  been  retracted  by 
action  of  the  cam.  Then,  as  soon  as  the  cartridge  has  arrived  into 
I  position,  the  barrels  cease  to  revolve,  and  the  primer  of  the  cartridge 
struck  by  the  firing-pin  and  discharged;  then  the  revolution  of  the 
rels  begins  again,  and  the  fired  cartridge-shell  is  carried  on  until  it 
aes  to  the  extractor;  this,  in  the  mean  time,  has  arrived  up  to  the 
Tels  and  the  cartridge-head  rolls  into  it.  As  soon  as  the  head  is  laid 
d  of  by  the  extractor  the  barrels  again  cease  to  revolve,  and  during 
s  period  the  cartridge-shell  is  withdrawn  and  dropped  to  the  ground, 
during  every  stoppage  of  the  barrels  the  gun  is  supplied  with  a  new 
tridge,  and  the  firing  and  extraction  is  also  performed,  during  this 
e  a  continuous  but  slow  fire  is  kept  up.  By  supplying  the  gun  in 
s  manner  with  single  cartridges,  about  thirty  rounds  per  minute  may 
fired. 

ihould  rapid  firing  be  required,  the  gun  is  then  supplied,  not  with  sin- 
cartridges,  but  with  "  feed-cases,^  containing  groups  of  ten  Cartridges 
h,  and  in  this  manner  from  sixty  to  eighty  rounds  per  minute  can  be 
d,  with  only  three  men  to  work  the  gun,  viz,  one  man  to  train  the 
I  and  revolve  the  crank;  one  man  to  place  the  ^^  feed-cases"  contain- 
the  cartridges  into  the  ^^feed-trough'';  and  a  third  man  at  the  am- 
[lition-chest  to  charge  the  ^^  feed-cases,''  and  to  hand  them  to  the 
rger. 

Lttached  to  the  frame  is  a  turn-table  which  connects  the  cannon  to 
^Hmnnion-saddle,"  arranged  in  such  manner  that  without  displacing 
carriage  a  certain  amount  of  lateral  motion  as  well  as  of  elevation 
J  be  given  to  the  gun.  Thus  the  gun  is  made  to  sweep  horizontally 
ig  a  line,  by  adjustment,  between  each  single  shot  or  during  rapid 
charge. 

THE  AMMUNITION. 

he  ammunition  for  the  revolving  cannon  consists  of  a  center-fire  me- 
ic  cartridge  of  special  construction,  holding  in  each  one  the  powder^ 
projectile,  and  the  lubricating- wad,  arranged  like  the  similar  ammu- 
on  generally  used  for  small-arms. 

*wo  difTerent  kinds  of  projectiles  are  used,  the  one  an  explosive  shell 
i  the  other  a  case-shot.  Nothing  need  be  said  of  the  latter,  as  it  does 
i  differ  from  the  common  case  or  canister  shot  used  in  ordinary  cannon. 

THE  SHELL. 

'he  shell  is  of  a  novel  construction;  it  is  of  cast  iron,  of  a  cylindro- 
val  shape,  slightly  rounded  at  the  rear  end.  The  packing  consists  of 
>ras8  coat  of  about  one  caliber  in  length,  and  placed  equidistantly 
n  the  center  of  gravity.  This  coat  is  of  soft  brass  tubing,  contracted 
h  great  pressure  over  the  body  of  the  projectile,  it  being  provided 
h  longitudinal  grooves,  and  two  grooves  encircling  it  at  the  top  and 
torn  ends  of  the  packing.  The  coating  is  forced  into  these  grooves, 
I  any  disturbance  of  it  on  the  body  at  starting  is  thus  obviated.  These 
eves  serve  at  the  same  time  as  breaking-lines  of  the  shell. 

10  ORD 
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After  the  coating  is  attached  to  the  projectile  some  small  saw-tootL- 
like  grooves  are  cut  into  it,  to  redacethe  strain  while  being  forced  throagh 
tJie  rifling  of  the  barrel.  These  grooves  can  be  filled  with  a  lubricating 
substance,  and  this  is  then  cani^  perfectly  between  the  projectile  and 
the  bore  of  the  barrel. 

The  coating  of  the  projectile  is  conical  at  its  front  part,  corresponding 
with  the  cone  in  the  projectile-chamber,  so  that  it  is  exactly  centered  in 
the  bore  as  soon  as  the  forward  movement  commences.  Its  rear  end  is 
cylindrical  to  within  about  one-third  of  its  length. 

The  shell  is  turned  smooth  all  over,  and  is  nearly  0".016  in  diameter 
less  than  the  bore  of  the  barrel.  This  projectile  is  made  with  great  carej 
and  exactness,  with  onlv  a  verv  small  deviation  in  dimension. 

THE  FUSE. 

The  ftise  employed  is  that  known  as  the  Hotchkiss  percussion-fase, 
used  in  large  quantities  during  the  last  war  in  America. 

It  consists  of  a  gun-metal  body  closed  at  the  front  end  with  a  nose 
screw,  forming  the  ogival  point  of  the  projectile;  it  has  a  conical  bote 
at  the  rear,  which  is  closed  with  a  lead  plug  (the  safety-plug),  pressed 
in  very  tightly,  so  that  the  plug  projects  a  little  through  the  base  of  the 
body-case  toward  the  inside. 

The  plunger  is  composed  of  lead,  cast  into  a  brass  casing  to  strengthen 
it  and  to  prevent  the  lead  fit)m  being  upset  by  tha  shock  of  discharge. 
A  brass  wire  is  cast  into  the  lead  of  the  plunger  and  holds  it  suspended 
in  the  case,  the  wire  going  through  the  hole  in  the  bottom  of  the  case 
and  being  held  securely  in  position  by  the  safety-plug.  The  plunger 
has  a  nipple  cast  into  the  lead,  and  is  formed  with  an  onlinary  gun-cap; 
in  its  axis  it  has  a  powder-chamber  containing  the  igniting-charge. 

The  operation  of  the  fuse  is  thus:  The  safety-plug  is  dislodg^  back- 
ward into  the  interior  of  the  projectile  by  the  shock  of  discharge;  the 
wire  then  being  not  held  tight  in  the  hole,  the  plunger  is  disengaged 
and  rests  on  the  bottom  of  the  fuse-case,  and  is  free  to  move  in  the  line 
of  axis.  When  the  flight  of  the  projectile  is  suddenly  retarded  by  its 
striking  any  object,  the  plunger,  in  consequence  of  its  inertia,  is  driven 
forward,  and  the  primer  strikes  against  the  nose-screw,  thus  igniting 
the  powder  in  the  channel,  and  so  firing  the  bursting-charge  of  the  pro- 
jectile. 

The  Hotchkiss  percussion -fuse  is  extremely  simple  in  its  construction, 
and  requires  no  adjustment  before  use.  It  is  perfectly  safe  in  transport, 
and  during  all  manipulations  with  the  projectile,  as  the  plunger  is  hdd 
securely  by  the  safety-plug,  which  must  receive  the  great  shock  of  the 
discharge  to  discharge  it  from  its  hole  and  thus  liberate  the  plunger. 

THE  CARTRIDGE-CASE. 

The  cartridge-case  consists  of  a  spirally-rolled  tube  of  sheet-brass, 
strengthened  at  the  head  with  an  inside  and  an  outside  cup.  The  head 
is  punched  out  of  sheet-iron,  and  is  fastened  to  the  cups  with  three  rivets. 

The  primer  consists  of  a  case  holding  the  anvil,  and  is.  closed  at  the 
bottom  end  by  the  cap  containing  fulminate.  It  is  fitted  into  a  hole 
which  penetrates  the  head  and  both  cups,  and  it  projects  through  into 
the  inside  of  the  cartridge-case. 

This  cartridge,  which  can  be  manufactured  with  great  facility  on  ac- 
count of  its  simplicity,  has  proved  itself  to  be  of  a  very  durable  quality, 
and  it  can  be  used  repeatedly. 
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e  construction  of  the  body  of  the  cartridge  allows  it  to  expand  to 
bamber  of  the  gun  without  the  metal  being  stretched,  so  that  after 
ischarge  it  contracts  itself  again  to  its  previous  diameter,  thus  leav- 
be  fired  case  perfectly  loose  in  the  chamber  for  extraction. 

THE  LUBRICATOR. 

< 

e  lubricator  consists  of  a  wad  of  felt  about  0".236  thick,  dipped  in 
ition  of  mixed  tallow  and  beeswax.  A  jiaper  disk  is  placed  between 
ibricating-wad  and  the  charge  to  prevent  the  powder  getting  dam- 
by  the  greasy  surface  of  the  lubricator. 

e  projectile  is  merely  pressed  into  the  neck  of  the  cartridge  and  is 
linched,  as  there  is  enough  friction  to  hold  it  absolutely  secure, 
course  the  ammunition  is,  as  in  the  case  of  all  modern  small-arm 
iinition,  which  it  resembles,  rendered  safe  against  influences  of 
ler  and  danger  of  explosion. 

Pnncipal  dimensions  and  weights,  ^'C.^of  tlw  gun, 

r 1.457  inches. 

length  of  bore 4  feet  2. 2:^6  inches. 

h  of  rifling 3  feet  a  882  inches. 

ry  one  turn  in 4  feet  1.212  inches. 

ist  and  depth  of  grooves  uniform. ) 

er  of  grooves 12 

oflands 0.098  inch. 

of  grooves , 0.019  inch. 

ar  of  barrels 5 

ter  of  barrel  over  powder-chamber 3. 464  i  nches. 

ter  of  barrel  at  the  muzzle 2.440  inches. 

t  of  each  barrel 77.166  pounds. 

J  of  sights 2'  3".  047 

al  distance  of  the  line  of  sight  from  the  common  axis  of  the 

els 2.  0866  inches. 

ntal  distance  of  the  line  of  sight  from  the  common  axis  of 

carrels 6.496  inches. 

tofgun 1,047.25  pounds. 

weight  of  gun  with  traversing  apparatus 1, 157. 48  x)ouuds. 

Principal  dimensions  and  weights  of  the  ammunition, 

EXPLOSIVE  SHELL. 

I  of  body 4.10  inches. 

length  with  fuse 4.71  incites. 

I  of  brass  coating,  equidistant  from  center  of  gravity. ......  1.5  inches. 

terofbody ^ 1.44  inches. 

ter  of  brass  coating ....  1.49  inches. 

t  of  body  of  the  projectile 1  pound  1. 4  ouHces." 

t  of  fuse 3.3  ounces. 

b  of  bursting-charge  • 0.74  ounce. 

veigbt  of  projectile  comjilete  for  firing 1  pound  5. 58  ounces. 

Weights  and  dimensions  taken  from  shell  fired  by  the  hoard. 

CASE-SHOT. 

1  of  case 4.565  inches. 

»r  diameter  of  case 1.440  inches. 

r  of  balls 18 

erof  each  ball 0.62  inch. 

e  weight  of  each  baU 1.03  ounces. 

roight  of  shot 1  pound  9.4  ounces. 

roald  be  advisable  to  n«e  either  gun-cotton  or  picrate  powder  for  the  bursting- 
as  these  would  throw  the  fragments  forward  with  more  force  than  ordinary 
rder  and  thus  produce  a  greater  destructive  eflfect. 
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•  CARTRIDGE-CASE. 

Length  of  cartridge-case 4.724  inebes. 

Diameter  of  bead 1.791  inches. 

Diameter  of  the  body  near  the  head 1.641  inches 

Diameter  of  body  in  front 1.476  inches. 

Weight  of  cartridge-case 3.88  oonceei 

CHANGE  OF   POWDER. 

Charge 4.23  ooncef. 

Proportion  of  charge  to  weight  of  projectile 4. 33 

Weight  of  complete  cartridge 1  pound  10. 46  cancel. 

Length  of  complete  cartridge 8. 149  inches. 

THE   CARRIAGE. 

For  the  revolving  cannon  a  special  carriage  has  been  constructed. 
This  was  found  necessary,  as  the  ordinary  fleld-gnn  carriage  is  not  pro- 
vided with  the  means  for  procuring  an  excellent  and  immovable  rest  for 
this  gun. 

The  trail  of  the  carriage  consists  of  two  brackets  of  steel  plate,  con 
nected  by  three  transoms  and  bolts,  the  rear  end  being  connected  by 
the  trail  eye-piece.    The  brackets  diverge  against  the  trunnions. 

The  trunnion  bearings  and  the  bearings  for  the  axle-tree  are  riveted 
to  the  outside  of  the  brackets,  and  are  fitted  in  the  ordinary  manner. 

The  axle-tree  is  of  steel,  the  arms  being  slightly  conical.  The  wheels 
have  metallic  naves  and  ring-tires.  The  nave  consists  of  two  part^ 
the  inside  flange,  with  the  pipe-box,  and  the  outside  flange.  The  spokes 
are  cut  in  a  conical  form  at  their  "hub^  ends  so  that  they  fill  the  nare- 
flanges,  and  the  two  parts  of  the  nave  are  bolted  togetiier  with  tbe 
spokes  with  six  screws. 

These  wheels  are  very  strong,  and  have  been  found  practical  and  eco- 
nomical in  service,  and  they  allow  spokes  to  be  easily  substituted  for 
others  when  broken. 

The  elevating  arrangement  consists  of  a  screw  working  in  a  gun-metal 
nut  resting  in  the  oscUlating  bearing.  This  nut  is  revolved  by  conical 
gear-wheels  from  the  left  side  of  the  trail,  the  top  end  qf  the  screw  being 
attached  to  the  trunnion  saddle-plate. 

The  handspike  is  hinged  to  the  trail  so  as  to  fold  back  in  traveling. 
A  tool-box  is  placed  between  the  trail;  this  at  the  same  time  makes  a 
solid  connection  of  the  trail -brackets. 

The  carriage  of  the  revolving  cannon  is  usually  provided  with  a  hght 
steel  shield  for  the  protection  of  the  gunners  from  small- arms  fire. 

This  shield  is  of  three  parts,  made  to  fold  together,  thus  forming  seats 
for  two  men.  It  can  immediately,  when  coming  into  action,  be  unfolded, 
and  only  the  muzzles  of  the  barrels  and  the  wheels  of  the  carriage  are 
exposed  to  the  enemy.    The  steel  plates  are  about  0.236  inch  in  thickness. 

Two  boxes  are  attached  to  the  axle-tree,  each  to  carry  three  feed-cases 
loaded  with  ten  rounds  of  ammunition. 

On  the  carriages  not  provided  with  a  shield  these  ammunition-boxes 
ate  protected  by  light  steel  plates  in  front,  and  have  a  lid  of  steel,  which, 
when  raised,  forms  a  small  protecting  shield,  and  when  closed  they  form 
seats  for  two  gunners,  so  that  with  two  or  three  gunners  on  the  limber 
a  sufficient  number  of  men  to  serve  the  piece  would  be  taken  into  action 
with  the  gun  itself. 

To  check  the  recoil  of  the  gun,  a  brake  of  the  following  constniction 
is  used: 

Each  axle-arm  has  a  screw  cut  on  its  extremity ;  this  carries  a  nut 
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rorming  a  Conical  cap,  partly  enveloping  the  front  side  of  the  wh§el- 

nave,  which  is  likewise  conical  to  fit  the  inside  of  the  cap ;  this  has  a 

short  crank,  by  which  it  can  be  revolved  on  the  axle.     When  screwed 

np  this  cap  grips  the  cone  of  the  nave  of  the  wheel,  and  the  tighter  the 

cap  is  screwed  up,  so  the  wheel  turns  with  the  more  difficulty  on  its  axis, 

until  it  gets  immovably  locked  on  the  axle  by  the  friction  of  the  cones. 

When  the  cap  is  unscrewed  it  is  disen'gaged  from  the  wheel,  which  can 

then  turn  freely  on  the  axle.    The  screws  on  the  ends  of  the  axle-arms 

have  right  and  left  handed  threads,  so  that  the  caps  become  tightened, 

by  the  effect  of  the  recoil. 
This  brake  is  used  at  the  same  time  as  an  ordinary  traveling-brake, 

and  it  can  be  applied  without  the  carriage  being  stopped,  a«  is  necessary 

with  the  shoe-brake  commonly  used  on  gun-carriages. 

Principal  dimensions  and  tceights  of  the  carriage. 

Weight  of  carriage,  with  wheels,  ammunition-boxes,  and  accessories, 

complete 1,169  pounds. 

Weight  of  steel  shield..... 331  pounds. 

W^eight  of  wheels,  each 187  pounds. 

Diameter  of  wheels 55  inches. 

Weight  of  trail  on  the  ground 99  pounds. 

Weicht  of  trail  when  hooked  on  limber-hook 44  pounds. 

Track  of  wheels 59  inches. 

An^le  of  trail  with  the  ground.! 17^  30' 

Height  of  trunnions  above  the  ground - 42  inches. 

Extreme  angles  of  elevation  and  depression — 50-|-25^ 

Greatest  angle  of  dispersion  with  horizontal  training  apparatus 3^ 

THE  LIMBER  AND  THE  AMMUNITION-CHEST. 

The  limber  resembles,  in  general  construction,  the  French  govern- 
ment service-limber ;  it  consists  of  a  frame- work  of  wood,  placed  upon 
wheels  of  equal  size  and  construction  as  those  of  the  gun-carriage. 

The  axle-tree  is  of  steel ;  it  has  no  axle-tree  bed,  but  is  attached  di- 
rectly to  the  "  futchells." 

The  trail  of  the  gun-carriage  hooks  up  to  a  hook-pintle  attached  to 
the  axle-tree.  The  limber  has  a  swing  splinter-bar  to  which  the  traces 
of  the  horses  are  attached,  and  the  shaft  is  arranged  for  double-draught. 

The  limber  carries  an  ammunition-chest  made  of  wood,  conveying 
four  hundred  rounds  of  ammunition,  and  it  is  fitted  with  four  boxes, 
each  containing  one  hundred  rounds.  The  cartridges  are  held  immov- 
ably in  the  boxes  when  the  lids  are  closed,  to  prevent  their  being  injured 
in  traveling  over  rough  roads.  The  ammunition-chest  is  covered  with 
painted  sail-cloth  and  is  rendered  water-tight ;  the  comers  are  protected 
by  angle-irons,  and  it  is  attached  to  the  limber  by  two  hooks  and  screws. 

The  weight  of  the  limber,  with  ammunition -chest  complete,  is  661 
pounds. 

Summary  of  principal  weights. 

Pottnda. 

Gun,  with  lateral-training  apparatus 1,213 

Carriage,  with  all  accessories 926 

Limber^  with  ammunition-chest 661 

Pour  hundred  and  sixty  rounds  of  ammunition 761 

Pour  gunners 529 

Total 4,090 

This  weight  distributed  over  six  horses  gives  680  pounds  per  horse,  a 
very  low  rate,  the  usual  weight  for  the  draught  of  a  horse  in  light-artil- 
lery being  about  771  pounds  ^  so  that  this  gun  possesses  that  which  in 
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modern  waifare  is  so  uecessary — tbe  quality  of  easy  transportability  to 
a  satisfactory  extent.* 

Since  tbe  publication  of  tbe  above,  Mr.  Ilotcbkiss  lias  made  a  slight 
improvement  in  his  shell,  which  has  been  satisfactorily  tried  by  tlie 
Board. 

The  improved  ETotchkiss  shell  is  with  its  fuse  a  little  less  than  three 
calibers  in  length,  or  about  seven-sixteenths  inch  shorter  than  the  one 
just  described,  from  which  it  difters,  with  the  above  exception,  in  the 
following  particulars  only:  The  new  shell  has  four  circumferential 
grooves  separated  by  ribs  about  one-twentieth  inch  wide,  and  longitu- 
dinal cuts  between  ribs.  The  tubing,  about  one  caliber  in  length  and 
one-sixteenth  of  an  inch  thick,  instep  of  being  corrugated  on  the  ex- 
terior, as  in  the  old  shell,  is  perfectly  smooth,  and  is  contracted  into  ^ 
place  by  a  slight  pressure  only.  The  gas  from  the  discharge  presses  the 
packing  so  firmly  into  the  grooves  and  cuts  that  it  cannot  ix)tate  indc^ 
pendently  of  the  projectile,  and  the  rifling  is  impressed  on  the  ribs  onJ,r 
covered  by  the  tubing. 

Its  dimensions  and  weights  are  as  follows  : 

Length  of  body ^^.66  iiichos. 

Entire  length  with  fuse 4.27  inches. 

Length  of  brass  coating 1.5    inches. 

Diameter  of  b<Kly ! 1.44  inches. 

Diameter  of  bniss  coating 1.49  inches. 

Weight  of  body  of  the  projectile 1  ponnd  1.4  omu-cs. 

Weight  of  fuse 3.3    ounces. 

Weight  of  burst  ing-charge (KSS  ounce. 

Total  weight  of  projectile  complete  for  tiring 1  pound  r>ZS  oimai^ 

KESULTS   OF   FlllING   AT    SANDY   UOOK,  NEW"   YORK   HARBOR. 

Ou  the  11th  of  September,  1876,  the  preliminary  trial  of  the  gun  took 
place,  Mr.  Hotehkiss  being  present. 

Forty  rounds  were  fired  with  new  mortar-powder,  testing  the  working 
of  the  gun.  On  the  12th  and  22d,  same  month,  the  gun  was  fired  for 
initial  velocities^  the  average  of  three  rounds  new  mortar-powder  giving 
1,294:  feet ;  of  12  rounds,  musket,  1,572  feet ;  and  of  18  rounds,  old  mor- 
tar, 1,458  feet.  Sei)tember  21  and  22,  72  rounds  were  fired  at  a  target 
1^000  yards  distant,  and  51  rounds  at  a  2,000-yard  target,  not  including 
sighting-shots.  (See  targets  marked  A  and  B,  plates  Y  and  VI,  appended) 
September  22,  4  rounds  of  shell  and  26  of  canister  were  fired  at  a  200- 
yard  target.  The  working  of  the  canister  not  being  very  eflfective,  no 
further  trials  were  made  with  it  at  even  these  short  ranges,  the  shell, 
everything  considered,  being  deemed  more  satisfactory  than  canister. 
On  the  3d  of  October  the  gun  was  again  fireA  72  rounds,  testing  its 
working.    Up  to  this  time  309  rounds  in  all  had  been  fired. 

A  supply  of  3,000  rounds  of  ammunition  having  been  procured,  tbe 
Board  resumed  its  experiments  November  23, 1876,  and  concluded  them 
February  15, 1877. 

November  23,  1876,  115  rounds  were  fired  at  target  2,000  yards  dis 
tant,  and  the  time  taken  of  firing  20  and  51  shots ;  and  on  the  24th  of 
November,  15  rounds  were  fired  at  targets  2,640  yards  distant,  but 
owing  to  high  winds  the  firing  was  suspended  and  targets  not  tabulated. 

On  the  2d  of  December,  1^  rounds  were  fired  at  1,000-yard  targets, 
not  including  7  sighting-shots.    (See  targets  mai'ked  C,  plate  VII,  »p- 

*  Tho  foregoing  description  of  gun,  shells,  Ac.,  was  taken  from  the  pamphlet  of  Mr. 
Alfred  Koener,  itnblished  in  Paris,  1874.  The  French  measures  have  been  transferred 
into  our  own  for  convenience  of  reference. 
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ended.)  One  hundred  and  seventy  rounds  were  fired  at  2,000-yjird 
argets,  not  including  4  sighting-shots.  (See  targets  marked  D,  plate 
nil,  appended.) 

On  January  25,  1877,  102  rounds  were  fired  at  10  targets,  the  first 
oeing  200  yards  distant ;  and  on  same  date  100  rounds  were  fli'ed  at  2 
targets,  the  first  the  same  distance  from  gun.  (See  targets  marked  B 
Mid  F,  plates  IX  and  X,  appended.) 

On  February  14,  1877,  44  rounds  were  fired  at  targets  200  yards  dis- 
tant, and  on  the  loth  100  rounds  were  fired  at  targets  1,000  yards  dis- 
tant, not  including  12  sighting-shots.  (See  targets  marked  G  and  H, 
plates  XI  and  XII  appended.) 

This  makes  a  record  of  1,136  rounds  in  all  fired,  and  throughout  the 
firing  the  gun  worked  well.  There  were  four  failures  in  the  ammuni- 
tion during  the  early  part  of  the  firing,  owing  to  the  weakness  of  the 
firing-pin  spring,  but  after  this  spring  was  changed  no  failures  occurred. 

The  fuses,  with  one  exception,  worked  perfectly ;  on  examining  this 
fuse  after  firing,  it  was  discovered  that  the  fuse-firing  pin  on  nose-screw 
was  broken,  which  would  readily  account  for  the  failure  to  explode. 

Tlie  cartridge-cases,  of  wrapped  metal,  worked  well,  extracts  easily, 
and  no  gas  escaped.  The  loader  and  extractor  worked  easily  and  well, 
fts  did  the  mechanism  generally.  There  was  no  wabbling,  tumbling,  or 
stripping  of  projectile,  the  brass  coat  or  packing  taking  the  grooves  well 
11  all  easels.  In  fact,  with  the  exception  of  the  four  miss-tires  and  one 
*ailure  to  explode,  already  explained,  everything  worked  very  satisfac- 
tory during  the  entire  tiring. 

The  special  carriage  for  this  cannon  seems  strong,  compact,  and  serv- 
ceable,  and  possesses  some  novel  features.  The  recoil-brake,  which  takes 
he  place  also  of  the  ordinary  shoe-brake,  is  secured  to  the  axle-arm, 
ind  works  by  means  of  a  short  lever.  This  brake,  and  also  the  shield, 
jrhich,  when  not  in  use,  folds  and  forms  seats  for  the  cannoniers,  have 
)een  fiUly  described  heretofore.  There  is  also  at  the  end  and  underside 
>f  trail  a  pointed,  wedge-shaped  piece  of  iron,  which,  being  forced  into 
he  wooden  platform  or  ground,  prevents  the  trail  from  moving  during 
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ACCURACY  AND  EFFECT. 


The  targets  were  made  of  one-half  inch  and  one-inch  boards,  and  were 
onstructed  in  sections,  which  enabled  them  to  be  rapidly  erected  and 
ilaced  in  their  required  position. 

It  will  be  seen  (Record  of  Firing,  appended)  that  they  were  grouped 
or  the  different  ranges  of  200,  1,000,  and  2,000  yards,  and  that  the 
izes  were  such  as  to  cover,  generally,  all  cases  of  different  army  forma- 
ions.  All  the  useful  effects  of  fire  were  thus  recorded  on  them  and  its 
all  value  made  apparent. 

iesulU  at  200  yard^t.     Targets  Ej  Fj  G,  appended — Plates  IXj  X,  and  XI. 

Three  different  series  of  targets  were  placed  at  200  yards.  At  the  first 
10  targets,  52  feet  by  6  feet,  50  feet  apart)  102  shells  were  fired,  giving 
,140  hits.  At  the  second  (2  targets,  52  feet  by  11  feet,  75  feet  apart) 
00  shells  were  fired,  giving  1,045  hits.  At  the  third  (2  targets,  26  feet 
y  6  feet,  75  feet  apart)  44  sheills  were  fired,  giving  309  hits. 

The  destructive  effects  on  the  first  series  are  apparent,  giving  about 
,600  hits  i)er  minute,  and  using  only  about  125  pounds  or  metal. 

The  other  series  also  illustrate  the  destructive  power  of  this  weapon 
t  short  ranges,  such  as  would  be  used  in  the  service  of  our  armament 
or  the  flank-defenses  of  our  sea-coast  fortifications. 
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BesuUs  at  1,000  yards.    Targets  A  and  C,  appended — Plates  Vand  TIL 

Two  targets  (11  feet  by  26  feet)  were  made  at  this  distance,  filing  in 
the  first  case  72  rounds  and  in  the  second  143.  The  total  namoer  of  hits 
was  1,597  for  215  projectiles  in  all  fired.  As  the  time  of  firing  is  about 
80  roands  per  minnte,  an  analysis  shows  that  a  continuous  and  danger- 
ous fire  (about  590  hits  per  minute)  can  be  secured  at  this  range.  A 
third  series  (target  H,  api>ended,  plate  XII),  firing  at  10  targets  (52  feet 
by  6  feet,  50  feet  apart,  and  representing  a  regiment  in  column)  was 
made,  using  100  shells ;  1,626  hits  were  noted.  This  gives  a  continaoos 
and  dangerous  fire  of  1,300  hits  i)er  minute,  and  using  only  125  poonds 
of  metal — ^results  not  yet  attained  in  any  other  machine-gun,  nor  with 
our  present  field-artillery.  The  range  of  1,000  yards,  however,  is  one 
too  long  for  accurate  effects,  generally,  from  the  lighter  caliber  of  other 
machine  systems  (fired  even  with  great  deliberation). 

Results  at  2,000  yards.     Targets  B  and  B— Plates  VI  and  VIIL 

The  targets  made  at  this  distance  were  accomplished  by  firing  221 
rounds,  and  the  total  number  of  hits  was  1,019 ;  a  continuous  and  dan 
gerous  fire,  at  this  range,  of  370  hits  per  minute. 

Any  comparison  at  this  distance  ceases  with  other  machine-gnns; 
and  we  have  to  consider  the  system  at  this  range  as  a  competitor  of 
field-cannon. 

Ko  direct  comparisons  have  been  as  yet  made  by  the  board  between 
the  Hotchkiss  revolving  cannon  and  the  ordinary  field-pieces,  but  it  is 
thought  well  to  allude  in  this  connection  to  the  more  recent  practice 
with  the  most  approved  field-artillery.  The  recent  experiments  in  Aus- 
tria are  probably  the  best  so  far  made,  and  will  afibrd  us  a  fair  compar- 
ison. This  comparison  will  be  incomplete,  but  this  incompleteness  will 
&vor  the  field-artillery  rather  than  the  Hotchkiss  system. 

The  records  alluded  to  show  tiiat  40  shells, "  with  double  walls,"  weigh- 
ing in  the  aggregate,  say,  560  pounds,  gave  1,497  hits  on  targets  placed 
at  1,658  yards.  The  time  required  for  accurate  firing  could  not  have 
been  less  than  ten  minutes.  This  amount  of  metal  if  delivered  from 
the  Hotchkiss  revolving  cannon  would,  if  a  ratio  following  from  the  re- 
sults already  quoted  is  accepted,  give  2,000  hits,  and  at  a  distance  of 
2,000  yards,  and  in  a  time  of  seven  minutes. 

Comparison  cannot  be  made  at  the  maximum  ranges  (4,000  yards)  re- 
ported by  the  Austrian  artillery,  as  no  records  are  yet  made  at  this  dis- 
tance with  the  revolving  cannon. 

RESULTS  IN  FRANCE  AND  BRAZIL. 

An  inspection  of  the  results  of  firing  at  Gavre  will  show  that,  at  ft 
range  of  nearly  2,000  yards,  as  flEkvorable  results  as  those  given  at  Sandy 
Hook  were  attained ;  the  rapidity  of  fire  being  the  same,  and  the  num- 
ber of  hits  (354)  in  a  record  of  80  shots  showing  nearly  the  same  percent- 
age as  our  results  at  the  above-mentioned  range.  The  range  and  accn- 
racy  attained  also  show  a  capacity  for  effective  fire  up  to  about  5,500 
yards. 

The  trials  also  at  Gavre  with  the  revolving  cannon,  French  mariii^ 
model,  also  gave  strong  confirmatory  evidences  of  its  superiority  in  rang^ 
and  accuracy,  besides  its  eftectiveness  in  other  respects. 

The  results  in  Brazil  are  also  highly  favorable  to  the  gun  and  the  o 
cial  opinions  of  its  merits  decided. 
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DISCUSSION  OF  THE  SYSTEM. 

The  introduction  of  this  gun  has  marked  a  new  departure  in  that 
lass  of  arms  which  next  succeeds  in  power  the  personal  weapons  of 
he  soldier ;  and  it  gives  fair  promise  as  a  powerful  auxiliary  to  our 
Qodem  field  systems  and  to  our  present  contemplated  armaments  for 
he  defense  of  the  short  flank-lines  of  our  permanent  works. 

It  is  evident  that,  in  the  latter  service,  a  long-range  gun  capable  of 
iecuring  an  intense,  accurate,  continuous,  and  deadly  fire  at  the  short 
ranges  ordinarily  employed  for  this  service,  and  having  most  of  the  ad- 
v^antages  of  the  howitzer-fire,  formerly  fully,  and  now  partially,  relied 
axK>n  for  protecting  our  ditches  and  flank-lines  under  all  ordinary  cir- 
cumstances of  attack,  must  prove  a  highly  desirable  adjunct,  if  not  a 
superior  means  of  defense  to  the  present  systems  employed ;  limited  as 
they  are  in  power,  and  consequently  in  range,  and  without  superiority 
in  rapidity  and  continuity  of  fire  or  in  deadly  effects. 

Its  range  is  at  least  5,500  yards,  which  renders  it  equally  as  powerful 
as  a  sheU-gun  in  this  respect,  and  one  capable  of  guarding  the  ap- 
proaches to  works,  either  permanent  or  field,  at  shdl-gun  distances, 
while  at  the  same  time  being  effective  at  ranges  of  1,000  to  1,500  yards, 
the  maximum  distances  ordinarily  required  to  be  covered  by  our  flank- 
defense  armaments. 

Its  power  for  delivering  a  continuous  and  uninterrupted  effective  fire 
at  ranges  indifferently  from  the  shortest  range  required  up  to  three  miles, 
would  seem  to  point  to  it  or  a  similar  system — employing  the  same  gen- 
eral principles — as  being  a  necessity  for  introduction  in  the  future  arma- 
ment of  our  forts,  and  for  service,  when  occasion  demands,  in  our  field- 
works. 

In  this  connection,  as  germane  to  the  question  of  flank-defense,  the 
Board  would  call  attention  to  the  importance  of  the  introduction  into 
our  service  of  a  shell-gun  of  more  accuracy,  length  of  range,  and  de- 
stmctiveness  and  rapi(fity  of  fire  than  the  present  8-inch  howitzer.  This^ 
It  is  believed,  can  be  attained  by  a  breech-loading  rifle-howitzer  of  a 
caliber  of  6  inches,  throwing  canister  for  short  ranges  as  well  as  case- 
shot,  and  using  the  latter  with  i>ercussion  or  concussion  fuses ;  and  for 
dl  ranges  a  special  case-shot  weighing  65  p'ounds,  and  containing  bul> 
ets,  14  to  the  pound ;  also,  canister  of  a  weight  of,  say,  54  jwunds, 
ising  0.8-inch  lead  bullets,  and  a  shell  of  61  pounds. 

The  effects  with  these  projectiles  must  be  decidedly  superior  to  those 
ittainable  with  our  present  8-inch-howitzer  ammunition,  and  in  order  to 
)erfect  a  flank-defense  howitzer  it  is  recommended  that  experiments  in 
he  direction  indicated  also  be  undertaken  in  connection  with  others 
Qow  pending,  looking  to  a  proper  armament  of  our  flank-defenses. 

REGARDING  FIELD  SERVICES. 

It  is  evident  that  this  system  gives  promise  of  proving  a  valuable 
and  powerfiil  auxiliary  to  the  light  artillery  of  our  service. 

Its  equality  in  range,  its  greater  capacity  for  delivering  a  deadly,  in- 
cessant, and  widespread  Are  at  all  fleld-ranges,  and  with  decidedly  su- 
[)erior  rapidity ;  its  stability  when  fired,  abolishing  all  but  the  ordinary 
Ditial  pointings,  and  its  evident  superiority  in  pursuing  retreating  col- 
imns,  give  it  some  decided  advantages,  apparently,  over  our  ordinary 
leld-guns. 

For  the  effects  of  artillery-fire,  however,  where  penetration  is  desira- 
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ble,  and  where  destructive  effects  of  solid  shot  and  shell  in  rapidly  de- 
molishing large  objects,  &c.,  are  required,  we  must,  of  course,  ^ield  the 
advantage  to  the  larger  calibered  field-pieces. 

Its  uses,  however,  as  a  powerful  auxihary  to  the  service  under  consid 
eration  cannot  be  doubted  jfrom  the  above  considerations ;  and  the  Board 
believes  that  its  great  eflSciency  as  a  field-piece,  when  tested,  will  prob- 
ably be  establishetl. 

RECOM:>rENDATIONS. 

The  results  of  the  above-recorded  tests  of  the  Hotchkiss  revolvinc^ 
cannon  at  Sandy  Ilook,  and  the  records  of  the  results  obtained  abroad, 
lead  the  Board  to  recommend  further,  more  extended  and  exhaustive 
trials  to  fully  determine  its  merits,  with  a  \iew  to  its  final  adoption  as 
an  auxiliary  arm,  not  only  for  flank  defiense  but  for  other  branches  of  the 
service.    To  further  this  end  the  Board  recommends  the  procurement  of 
at  least  4  guns  (the  number  to  be  governed  by  the  state  of  the  appro- 
priation) of  the  model  and  caliber  tested ;  and  with  a  supply  of  ammn- 
nition  not  exceeding  2,000  rounds  per  gun,  the  carriages  needed  to  be 
made  at  the  \\'atervliet  arsenal,  after  well-matureil  drawings  to  suit  the 
nature  of  our  service.    Two  of  the  guns  procured  to  be  placed  in  the 
field,  to  be  reportetl  ui>on  after  thorough  trial,  and  two,  with  carriages 
adapted  for  fiank-defense  casement -service,  to  be  placed  in  some  of  our 
casemated  works  for  trial  and  tests.    It  fiurther  recommends  that  ex 
periments  be  continued  >\ith  the  present  gun  at  Sandy  Uook. 

Extract  of  the  report  of  the  trial  of  B,  B.  ffotehkiss  revolver  cannon j  made 

by  the  French  Government  at  Gavre. 

GENERAL  OBSERVATIONS. 

The  mechanism  of  the  cannon  revolver  is  simple,  and  substantially 
made. 

The  travei*se  appamtus  is  simple,  and  works  siitisfactorily. 

The  iron  gun-camage  has  worked  well  during  all  the  trials. 

The  fuse  is  simple,  without  any  danger  fcjr  manipulation,  and  requires 
no  preparations  on  the  battle-field. 

Ballistic  properties. — The  elevation  for  the  maximum  range  is  about 
35^ ;  range,  4,000™  ^about  5,031  yartls).  The  accui-acy  of  the  revolver 
cannon  in  horizontal  deviations  is  remarkable,  and  very  much  superior 
to  that  of  the  mitrailleuse. 

Obturations. — The  gas-check  produced  by  the  cartridge  has  been  con 
stantly  good.    The  system  of  the  cartridge-case  is  a  good  one. 

Worlcing  of  mechanism. — ^The  working  of  the  firing-pin  has  been  con- 
stantly good.  The  loader  worked  always  well  during  all  trials.  The 
principle  of  the  extractor  is  a  good  one.  The  traverse  motion  and  the 
elevating-screw  worked  always  well. 

Working  of  the  brass  coats  of  projectiles. — The  projectiles  examined 
after  firing  showed  the  print  of  the  bands  on  the  coat  very  distinctly? 
and  of  the  same  width  as  the  bands.  The  results  show  this  principle 
of  the  bi-ass  packing  to  be  a  good  one. 

Time  of  salvos. — Mean  time  for  ten  shots,  ll.G  seconds. 
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RESULTS  OF  FIRING.   (EXTRACT  OF  REPORT.) 

jahi^t  a  battalion  in  columns  by  division  at  mtii  e  distances.    (Ex- 
periments of  21th  Februarpj  1873.) 

ittalion  is  represented  by  3  targets  of  1.80  metei^s  (about  6  feet) 
lid  70  meters  (about  230  feet)  width.  The  first  at  1,650  meters 
804  yards)  from  the  canuon.  The  second  at  1,720  meters  (about 
rds).  The  third  at  1,790  meters  (about  1,957  jards). 
?r-charge,  Ho  grammes ;  bursting-chai'ge,  20  grammes ;  powder 
lit. 

of  fire,  6o  36'. 

ilvos  of  40  shots  fired,  the  first  without  traversing,  the  second 
versing. 

imber  of  projectiles  or  pieces  which,  per  hundred,  reached  the 
ire,  for  the  revolver  cannon,  70. 

iparing  this  result  with  those  obtained  by  the  Catling  mitrail- 
the  same  condition,  it  was  found  for  the — 
r  .45,  Gatling  mitrailleuse  No.  150,  number  of  hits,  11.25. 
r  .45,  Gatling  mitrailleuse,  No.  161,  number  of  hits,  3.72. 
iperiority  of  the  revolver  cannon  is  well  marked. 

ith  shells  against  a  battalion  in  column  by  division  at  entire  dis- 
tances.    (Tests  of  23th  July^  1873.) 

ittalion  is  represented  by  6  targets  of  1.80  meters  (about  6  feet) 
nd  35  meters  (about  115  feet)  width.  The  distance  between  is 
s  (about  115  feet.)  The  last  target  1,795  meters  (about  1,963 
x)m  the  revolver  cannon. 

jr-charge,  85  grammes ;  bursting-charge,  20  gi*ammes ;  powder 
dt.    The  firing  is  regulated  to  drop  the  projectiles  between  the 
i  the  fourth  targets, 
of  fire,  6o  30'. 

*lvos  of  40  shots  fired  without  traversing, 
imber  per  hundred  of  hits  is,  for  the  revolver  cannon — 
salvo,  109 ;  the  second  salvo  of  40  shots  fired  in  30  seconds ; 
alvo,  245. 

e  1st  caliber,  Gatling  mitrailleuse  No.  81 :  first  salvo,  24 ;  sec- 
o,  48 ;  third  salvo,  57.3. 

e  .65  caliber  Gatling  mitrailleuse  No.  10 :  first  salvo,  25 ;  second 
;  third  salvo,  54 ;  fourth  salvo,  18.7. 

otchkiss  revolving  cannon,  therefore,  produces  a  much  superior 
that  of  the  mitrailleuse  Gatling. 

fainst  a  steel  plate  of  10  millimeters  (about  0.3937  iywh)  thi<;k  ;  dis- 
,  150  meters  (about  492  feet).     (Experiments  of  July  25,  1873.) 

shots. 

's  through  and  explodes  in  coming  out. 

iS  through  and  explodes  in  coming  out. 

>  shot,  bjidly  directed,  hits  at  left  a  sheet-iron  of  10  millimeters 

.3937  inch)  thick,  supported  by  a  piece  of  oak  of  20  centimeters 

.874  inches)  square.    The  projectile  exploded  in  the  wood,  which 

'j  to  the  length  of  about  one  meter  (about  (3.28  feet.)    The  hole 

3  behind  alK)ut  seven  centimeters  (about  2.76  inches)  of  width. 

e  of  iron  detached  jfrom  the  sheet  went  through  the  wood  and 

at  4  or  5  meters  (about  15  feet)  beyond. 
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SENSIBILITT  OF  FUSES. 

The  cannon  was  pointed  seaward  and  fired. 

1.  Two  shots  at  an  angle  of  2'.  The  shell  exploded  on  touching  the 
water.  « 

2.  One  shot  at  +  15^  GHie  shell  exploded  on  touching  the  water. 

3.  One  shot  at      2^.    The  shell  exploded  on  touching  the  water. 

4.  One  shot  at      3^.    The  shell  exploded  on  touching  the  water. 

5.  One  shot  at      5^.    The  shell  exploded  on  touching  the  water. 

TBIAL  OF  SAFETY  OF  FUSES  (25TH  JULY,  1873). 

Three  shells  were  susx>end6d  by  a  string,  the  point  downward.  Wh«i 
the  string  was  cut  the  shell  with  the  fuse  fell  on  a  sheet-iron  plate  the 
height  of  3.32  meters  (about  11  feet).  The  fuse  did  not  explode  and  the 
mechanism  did  not  move. 

TRIAL  OF  FUSES   (EXPERIMENTS  21ST  JANUARY,  1874). 

All  the  empty  shells  penetrated  into  the  earth  from  30  to  40  centime- 
ters  (about  13  inches)  depth.  The  fuse  had  exploded  in  all  that  were 
found. 

RANGE  (EXPERIMENTS  OF  JANUARY  20,  1874). 

Charge  of  powder,  150  grammes  "  R.  L.  G.''  Some  of  the  projectiles 
fired  at  30^  elevation,  which  were  not  found,  struck  the  ground  at  a  dis- 
tance of  5,000  meters  (about  5,468  yards). 

The  projectile  fired  at  35^  elevation  had  a  range  exceeding  5,000  me- 
ters (exceeding  5,468  yards).    Some  of  the  assistants  saw  it  fall,  bat    | 
could  not  find  it  because  the  ground  was  too  rough. 

ACCURACY  (EXPERIMENTS  OF  JANUARY,  1874). 

Powder-charge,  100  grammes,  powder  of  Bipault ;  angle  of  fire,  35^. 

ShelL 

Mean  range,  4,014  meters  (about  4,390  yards). 

Maximum  range,  4,023  meters  (about  4,400  yards). 

Minimum  range,  3,098  meters  (about  4,372  yards). 

Difference  in  range,  25  meters  (about  27  yards). 

Maximum  deviation,  64.2  meters  (about  70.21  yards). 

Minimum  deviation,  60.2  meters  (about  65.83  yards). 

Difference  in  deviation,  4  meters  (about  4.38  yards). 

The  shells  fired  hit  the  ground  at  over  4,000  meters  (about  4,375  yards) 
distance,  within  a  space  of  25  meters  (about  27  yards)  length  and  4 
meters  (about  4.38  yards)  wide. 

Solid  shot 

Mean  range,  4,454  meters  (about  4,871  yards). 

Maximum  range,  4,466  meters  (about  4,884  yards). 

Minimum  range,  4,442  meters  (about  4,857  yards). 

Difference  in  range,  24  meters  (about  26  yards). 

Maximum  deviation,  62  meters  (about  67.8  yards). 

Minimum  deviation,  60.6  meters  (about  66  yards). 

Difference  in  deviation,  1.4  meters  (about  1.5  yards). 

The  projectiles  hit  the  ground  at  a  iKstance  near  4,500  meters  (abou-^ 
4,921  yards),  within  a  space  of  24  meters  (about  26  yards)  length  anC^ 
1.4  meters  (about  1.5  yards)  wide. 
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^rom  the  report  upon  the  HotclikiHS  revolving  cannon^  model  of  the 
h  marine. — {Experiments  of  Gavrej  February  and  March^  1877.) 

lodifications  applied  to  the  canuon-revolver  for  the  service  of 

ne  have  had  for  their  principal  object  the  giving  to  the  piece  a 

t  lightness  and  mobility  to  enable  the  same  man  to  execute  a 

>us  fire  and  to  rectify  the  pointing  at  eaeh  shot. 

ecessary  mobility  has  been  obtained  by  mounting  the  piece  upon 

ivoted  in  a  socket,  and  this  is  rendered  sufficient,  because  the 

er  who  points  sni)ports  the  left  shoulder  against  a  trail-piece 

ds  with  the  left  hand  a  handle  placed  under  the  breech,  and, 

ming  with  the  right  hand  the  crank,  is  able  at  the  same  time  to 

le  object  with  the  line  of  sight. 

proposed  to  have  some  small  jiieces,  which,  placed  upon  different 

■  a  vessel,  shall  be  able  to  protect  disembarkation  from  small 

id  torpedo-boats. 

till  this  object  we  should  have  great  accuracy  up  to  2,187  and 

rds,  sufficient  rapidity  of  fire,  and  penetration,  at  these  distances, 

i  from  .20  inch  to  .24  inch ;  also  the  piercing  of  sheathing  of 

s. 

PENETRATION  OF    THE    SHELLS. 

iiell  of  14.85  ounces,  of  ordinary  cast  iron,  gave  dangerous  frag- 
1  bursting  on  its  passage  through  a  plate  of  sheet-steel  of  .24 
th  a  velocity  at  impact  reduced  to  482  feet  (corresponding  to  a 
5  of  2,187  yards)  under  an  angle  of  22°,  or  with  a  velocity  at  im- 
B23  feet  (corresponding  to  a  distance  of  1,640  vards)  under  an 
:  30O. 

re  more  than  six  dangerous  fragments  per  shot  in  passing  with 
ty  at  impact  of  1,302  feet  in  normal  fire  against  a  steel  plat« 
I  inch  thick.  It  gave  again  some  dangerous  fragments  after  hav- 
ersed  11,8  inches  of  wood  under  an  angle  of  0^,  with  a  velocity 
b  722  feet;  after  having  traversed  11.8  inches  of  wood,  under  an 
'  30O,  with  a  velocity  at  impact  of  1,302  feet ;  and  after  having 
5d  a  wall  of  3.9  inches,  under  an  angle  of  30^,  with  a  velocity 
ct  of  about  722  feet. 

FIRING  AT  VESSELS  IN  MOTION. 

firing  was  easily  done  by  two  men,  although  the  gunner  was  not 
med  to  fire  upon  the  sea  at  a  movable  target,  nor  to  the  sight 
.8  used.  This  firing  showed  remarkable  accuracy,  since  fifty  good 
ere  observed  out  of  108  fires.  The  balloon  which  served  as  a 
31<^  inches  diameter)  was  reduced  to  pieces:  and  the  stem,  the 
»art  of  which  was  attached  to  the  balloon  and  had  2.36  inches  of 
iction,  was  cut  away  and  riddled  with  shot ;  and  the  remaining 
of  which  the  lower  part  was  about  .45  inch  cross-section,  bore  the 
'  many  shells,  attesting  the  efficacy  of  the  fire  against  a  target  of 
lall  dimensions. 

ISTANCE  OF  THE  CARTRIDGE-CASES  EMPLOYED  IN  FIRING. 

found  that  the  same  case  can  be  used  (by  re-priming)  four  or  five 

GENERAL  SUMMARY  AND  CONCLUSIONS. 

Sotchkiss  revolving  cannon  (marine  model)  fulfils  the  many  con- 
for  the  employment  to  which  it  is  destined — that  is  to  say,  the 
t  of  vessels  against  small  crafts  and  torpedo-boats. 
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The  commission  thon<]!:lit,  in  addition,  that  it  was  fitting  to  exam 
this  arm  would  serve  to  a  good  use  in  the  protection  of  the  embart 
of  troops. 

The  extent  of  its  ranges  and  its  longitudinal  accuracy  are  remarl 
and  its  lateral  accuracy  is  satisfoctory. 

The  results  of  tiring  practice  aboard  ship,  executed  with  shells  of 
ounces,  showed  that  the  ballistic  qualities  of  the  revolving  cannon  ^ 
be  utilized  in  the  most  difficult  conditions  of  a  movable  target. 

For  a  distance  estimated  ^t  the  beginning  of  a  volley,  and  var 
a  mean  velocity  of  fire  of  about  one  shot  in  five  seconds  in  regular 
ing  and  practice  is  reasonably  sufficient  to  secure  the  effects  of  eac 

The  shell  of  14.85  ounces,  of  ordinary  cast  iron,  charged  and 
with  a  percussion-fiise,  normally  pierced  platesof  steel  of  ^4  inch  a 
to  2,187  yanls  distance:  and  under  an  angle  of  3(P  up  to  about 
yards.  Tliis  ssime  shell  normally  pierced  11.8  inches  of  oak  wood  J 
yards,  and  3.9  inches  of  oak  wood  under  the  angle  of  30^  at  the 
distance.  Its  explasion  gave,  even  after  the  perforation  of  those  i 
cles,  some  dangerous  fragments. 

The  shell  of  al>out  1  i)ound,  of  the  same  metal,  will  have  a  gi 
effect,  e.si>ecially  at  great  distances. 

Two  men  are  sufficient  for  serving  the  cannon. 


[Truislaiioii.] 

Report  of  the  minister  of  tear  to  tie  general  legislatire  a^emhlif  of  Brazil  oh  the  Hi 

rerolriHg  cannon,  made  at  Rio  de  Janeiro,  1875. 

[Extract] 

The  artillery  committee  highly  n^commend  the  Hotchkiss  revolviug  cauno 
state  that  the  suiallness  of  its  caliber  \^  romiieiisatetl  for  by  the  rapidity  of 
about  80  rounds  ]>er  minute  can  be  dischargiMl  from  it,  while  one  round  can  onl 
difficulty  be  discharged  from  other  systems  (Whit worth,  Rmpp,  Ac). 

Each  shell  of  the  revolving  cannon  gives  10  to  11  useful  fragments;  the  go 
duces,  therefore,  about  800  fragments  per  minute.  The  Whitworth  aud  Krup] 
give  only  7  to  9  useful  fragmentj^  during  the  s^me  time,  having  the  same  rauj 
precision  as  the  revolving  cannon. 

The  maximum  range  of  the  gun  is  4,500  meters  (about  4,921  yards)  with  ] 
powder,  or  about  5,000  meters  (about  5,4t>8  yanls)  with  our  own  powder,  wl 
present  ap|M?ar8  to  be  of  the  best  quality. 

The  sample  gun  purchased  by  the  imperial  government,  at  the  request  of  ih< 
lery  committee  (though  not  quite  complete,  as  it  was  not  provided  with  the  ah 
protect  the  gunners  against  sharpshooters),  proved  at  the  experiments  on  the 
grounds  to  be  an  excelleut  weapon,  as  it  possesses  the  following  qualities: 

Great  range. 

Perfect  accuracy  of  fire. 

Absence  of  recoil,  due  to  the  s]>ecial  brakes. 

Quick  loading,  simple  aud  almost  automatic. 

Great  rapidity  of  lire. 

Metallic  cartridge,  which  can  be  reloaded  on  the  average  8  times,  and  allowi 
primers  to  be  change4l  with  great  facility. 

Simple  and  strong  mechanism,  com]K>sed  of  only  7  part^  which  load,  fire,  ez 
and  drop  the  empty  cartridge-shell  to  the  ground. 

Complete  obturation  and  forced  projectile. 

Operation  by  only  four  men,  who  can  easily  be  protected  by  entrenchment 
gun. 

The  artillery  committee  express  the  opinion  that  the  practical  results  wiU  p< 
recommend  the  adoption  of  this  system  as  the  only  artillery  for  our  army. 

Signed — the  secretary  of  state  and  minister  of  war. 
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Trials  in  November  and  December^  1878,  at  ranges  of  100,  200,  300,  ainA 

440  yards. 

GENERAL  REMARKS. 

The  trials  of  the  Hotehkiss  revolving  cannon,  made  in  187G-'77,  dem- 
onstrated its  merits  as  an  auxiliary  arm  of  our  x>re8ent  field  systems. 
As,  however,  a  complete  record  of  its  powers  and  efficiency  as  a  field- 
gun,  especially  in  its  capacity  to  deliver,  at  short  ranges,  a  far  more 
deadly  and  destructive  fire  than  can  be  attained  from  any  of  the  present 
field-artillery  projectiles,  including  canister,  had  not  yet  been  made  by 
actual  practice,  it  was  decided  to  make  experiments  and  tests  to  settle 
the  question  of  its  powers  in  this  regard.  Accordingly  trials  were  made 
having  this  end  in  view,  and  the  results  and  conclusions  are  submitted 
ill  this  report ;  also  the  targets  as  plotted  for  the  different  ranges. 

The/M«e«  used  in  these  experiments  were  of  the  latest  model,  having 
two  brass  wires  cast  into  the  lead  of  the  i>lunger,  which,  going  through 
slots  in  the  bottom  of  the  case,  are  held  sechrely  in  position  by  the  lead 
safety-plug.  The  nipple  and  percussion-cap,  at  the  forward  end  of  the 
plunger  of  the  old  model  fuses,  have  been  replaced  by  a  brass  box  filled 
with  fulminate,  the  box  being  formed  by  turning  the  edges  of  a  small 
disk  of  sheet-metal.  The  under  part  of  the  box  is  pierced  by  two  vent 
holes  which  come  directly  over  the  powder-chamber  containing  the 
igniting  charge.  The  open  or  forward  end  of  the  box,  filled  with  its  per- 
cussion composition,  is  covered  by  a  disk  of  tinfoil.  The  box  is  secured 
in  its  recess  at  forward  end  of  the  pluhger  by  compressing  the  lead  of 
plunger  around  it.  To  prevent  premature  explosion  from  handling  or 
in  transportation,  in  case  of  the  loosening' and  forward  movement  of  the 
plunger,  a  small  lozenge-shaped  piece  of  thin  sheet-brass  is  secured  over 
the  fiilminate-box  by  bending  and  driving  the  points  at  its  longer  axis 
into  the  plunger  on  either  side  of  the  Ik)x.  A  similar  piece  of  brass 
covers  the  lower  opening  of  powder-chamber  in  plunger.  With  the 
above  exceptions  the  fuse  in  its  construction  and  action  is  the  same  as 
the  ones  described  on  page  612,  Report  of  the  Chief  of  Ordnance  for  1877, 
and  in  the  report  of  ftises  recently  submitted  by."  The  Ordnance  Board." 
(See  accompanying  Plate  XIII.) 

Targets. 

The  targets  were  made  of  1-inch  spruce  boards,  and  were  three  in 
number  for  each  range.  The  size,  common  to  all,  was  11  by  52  feet,  and 
at  each  range  the  three  were  placed  at  a  distance  of  50  feet  apart 

Results  of  firing  at  Sandy  Rooky  New  York  Sarbor. 

In  all  these  tests  at  the  different  ranges  the  gun  was  aimed  so  that  the 
shell  would  strike  about  25  yards  in  front  of  target ;  4  ounces  of  ne'^ 
mortar-powder  was  used  as  the  proi)elling  charge;  the  shell  weighed, 
loaded,  about  IJ  pounds,  and  the  bursting-charge  of  shell  was  §  of  •^ 
ounce  of  musket-powder. 

On  the  1st  of  November  100  rounds  were  fired  at  the  200  yard  rang^^ 
with  the  following  results :  Hits  in  first  target,  1,444 ;  second,  551 ;  thiC^ 
177 — total,  2,172.    (See  target  appended,  and  marked  Plate  XIV.) 

Novemi>er  15,  100  rounds  were  fired  at  both  the  300  and  440  yjt^* 
range.  At  the  300-yard  range  the  hits  were  as  follows :  First  targ^^ 
«97 ;  second,  347 ;  third,  100— total,  1,144.    At  the  440.yani  range  th<    ^ 
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were,  on  the  first  target,  827  hits  ;  on  the  second,  603 ;  and  on  the  third, 
262 — ^making  a  total  of  1,692  hits.  (See  targets  appended,  and  marked 
Plates  XY  and  XVI.) 

On  the  5th  of  December  the  final  firing  was  done  at  the  100-yard 
range,  100  rounds  being  fired,  with  results  as  follows :  Hits  on  first  tar- 
get, 1,515;  second  target,  856-,  third  target,  440 — total,  2,771.  (See 
target  appended,  and  marked  Plate  XVII.) 

Accuracy  and  effects. 

An  examination  of  the  results  of  firing  at  Sandy  Hook,  and  accompa- 
nying targets,  show,  at  all  the  ranges  fired,  accuracy  and  great  destruc- 
tive effects.  The  fragments  were  well  distributed,  and  h^  great  pene- 
trative power,  as  shown  by  the  number  of  hits  in  the  third  or  last  tar- 
get, at  each  range. 

Eighty  rounds  per  minute  can  be  fired  from  this  gun  5  but,  assuming 
that  in  deliberate  firing  sixty  rounds  are  thrown,  each  shot  weighing  IJ 
pounds,  and  bursting  on  an  average  into  20  pieces,  a  continuous  and 
deadly  fire  of  75  pounds  of  metal  or  1,200  hits  per  minute  is  obtained. 

CONCLUSIONS. 

The  results  of  these  trials  give  full  evidiiiiccs  of  the  efficiency  of  this 
arm  at  the  shortest  ranges  at  which  it  is  necessary  to  use  field  artillery, 
and  it  is  the  judgment  of  the  Board  (with  the  results  of  present  expe- 
riences before  it)  that  the  best  effects  which  can  be  possibly  secured 
firom  canister  or  even  shrapnel  fire  will  be  decidedly  more  than  equaled 
by  the  results  attainable  by  the  revolving  cannon. 

The  continuousness  of  the  fire  attained,  also  the  demoralizing  effects 
likely  to  arise  from  the  rapidity  of  the  explosions,  add  decidedly  to  its 
advantages  over  ordinary  field  and  siege  pieces  (using  canister  or  bullet- 
shells),  in  the  service  of  which  marked  intervals  of  time  in  firing  neces- 
sarily exist. 

The  previous  trials  (reported  in  1877)  demonstrated  the  efficiency  of 
this  arm  at  the  longer  ranges  of  field  artillery,  and  the  present  ones  were 
only  needed  to  confirm  its  powers  at  the  shorter  ranges  ususdly  hereto- 
fore provided  for  by  canister  fire. 

The  introduction  on  trial  of  this  arm  therefore,  as  heretofore  recom- 
mended, either  in  separate  batteries  or  as  elements  of  our  present  field- 
artillery  batteries,  it  is  believed,  will  prove  that  greatly  increased  eff'ect- 
iveness  to  this  arm  of  the  service  will  ensue,  and  also  probably  show  that 
canist^er  fire  can  be  dispensed  with  materially,  if  not  wholly,  as  field  or 
Biege  ammunition. 

11  ORD 
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APPENDIX  I^ 

LANK-DEFENSE  CARRIAGE  FOR  HOTCHKISS  REVOLVING  CANNON, 

CALIBER   1.5  INCH. 

(Seven  plates.) 

DESCRIPTION  OF   CARRIAGE. 

(Plates  I.  II,  and  III.) 

(Fiuiufihed  l)y  the  Constructor  of  Oixliiaiiee. ) 

Oilier  to  lit  tlie  Hotclikiss  revolving  cannon  for  introduction  in 
3a-coast  fortis  as  a  flank-defense  gun,  a«  contemplated  by  the  de- 
tent, it  l)eoame  necessary  to  devise  a  carriage  pix)perly  dimensioned 
r  casemates,  of  the  required  strength,  and  having  the  inaneuver- 
)pointment-s  to  meet  the  requirements  of  tliis  8i)ecial  semce.  A 
^ht-u-on  carriage  attached  to  and  working  on  a  wrought-iron 
s  or  platform  constitutes  the  general  features  of  the  system. 
I  use  of  plain  frames  for  the  carriage  and  chassis,  covered  by  thin 

riveted  to  the  frames,  was  deemed  the  best  for  strength,  lightness, 
conomy ;  the  different  parts  being  assembled  by  ordinaiy  tran- 
sufficient  in  number  and  so  located  in  the  system  as  to  secure  the 
sary  stifl:*ness  and  solidity.  Accordingly,  the  carriage  and  its  plat- 
liave  l)eeu  constructed  as  follows: 

5  carriage  is  composed  of  two  cheeks,  each  constructed  by  riveting 
lates  J  inch  thick  to  a  skeleton  frame  1  by  IJ  inch  thick,  and  the 
s  in  turn  are  assembled  by  two  transoms,  one  located  at  the  front, 
iie  other  at  the  rear,  and  the  latter  so  constructed  a«  to  afford  an 
iting  bed  for  the  reception  of  the  elevating  screw  and  its  beveled 

(See  Plate  II.) 
)  chassis  consists  of  two  rails  constructed  on  the  same  general 
pies  as  the  carriage-cheeks,  the  frame  being  bar-iron  1  byl^  inches 
,  and  the  side  plates  having  a  thickness  of  J  inch;  three  transoms 
nd  f  inch  iron  (located  as  shown  in  Plate  III)  assemble  the  parts, 
i  forks,  wheels,  &c.,  and  system  of  training,  and  the  details  of 
is  proper,  are  shown  in  Plate  III,  and  the  gun-carriage  and  chassis 
its  tongue  connected  with  pintle)  are  shown  in  position  in  our 
nt  flank-defense  casemates,  in  Plate  I. 

i  bottom  or  lower  barrel  being  the  one  destined  to  deliver  the  Are 
8  system  when  in  action,  the  dimensions  of  the  carriage  and  plat- 
have  been  so  determined  as  to  place  the  axis  of  this  barrel  (when 
)ntal)  in  the  center  of  the  throat  of  the  embrasure,  this  being  the 
T  initial  point  for  elevation  and  depression  and  sei'vice. 
3  carriage  is  firmly  secured  (when  in  battery^  and  ready  for  sei'vice) 
chassis  by  means  of  a  screw,  a  (see  Plate  I),  operated  by  a  lever,  ft, 
)iug  a  square  plate,  P,  to  a  slotted  plate,  c  c  c,  placed  underneath 
xtending  the  entire  length  of  the  chassis,  and  secured  to  the  latter 
J  front  and  rear  transoms,  t  and  ^',  respectively.  To  give  the  play 
sary  to  avoid  rigidity  and  the  consequent  effects  of  shocks  in  firing, 
ber  spring,  r  r,  is  located  at  the  front  of  the  chassis,  and  secured  as 
ti  in  Plate  I.  The  ordinary  pintle-tongue,  Jh  connects  the  system 
the  pintle  located  in  the  front  wall  of  the  casemate, 
vating  and  depressing  are  acxjomplished  by  means  of  an  elevating 
',  8j  working  in  a  screw-nut,  u,  having  a  bevel-gear  on  its  exterior 
I  is  turned  by  a  miter- wheel  on  the  end  of  a  shaft,  x  x,  which  passes 
gh  tlie  left  cheek  of  the  carriage  and  is  revolved  by  the  hand-wheel^ 
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w  w.  The  elevating-screw  is  permanently  attached. to  the  gun  hy  the 
lug  g  and  pin  ;  the  transom,  having  an  oscillating  motion  to  accommo- 
date the  screw,  being  pivoted  to  the  two  cheeks  of  the  carriage.  (See 
drawing.) 

When  it  is  necessary  to  withdraw  the  gnn  from  its  embrasure  (shown 
in  section  in  plate  I),  the  plate  P  is  relieved  by  operating  the  screw  a, 
and  the  carriage,  free  to  slide  on  its  cha.ssis,  is  drawn  back  by  an  ordi 
nary  windlass  hi  connection  with  a  rope  and  crank. 

The  chassis  is  especially  designed  in  length  with  a  \iew  to  meet  this 
operation  which  may  result  from  temporary  disablements  in  action  or 
which  may  be  necessary  for  the  purposes  of  cleaning  and  immediate  re 
pairs.  When  so  drawn  back,  and  suliiciently  far  to  clear  the  w^alls  of  the 
embrasure,  the  carriage  with  its  gun  can  be  swung  at  right  angles  to  the 
chassis  and  the  gun  thus  placed  in  position  for  any  desired  examination, 
cleaning,  or  relief  from  impediments  or  disabilities. 

The  ammunition  used  in  all  the  tests  was  that  described  in  the  Report 
of  the  Chief  of  Ordnance  for  1877,  page  612 ;  the  shell  being  fitted  with 
the  Hotchkiss percussion-fuse  described  in  report  of  the  Boartl  of  Decern 
ber  17,  1878  (Ordnance  Notes,  No.  94). 

RESULTS   OF  FIRING  AT   SANDY   HOOK. 

The  object  of  the  firing  was  to  test  the  stability  and  general  workings 
of  the  carriage  and  the  accuracy  of  fire  from  it.  To  make  the  trials  more 
complete,targets  were  made  with  the  revolving  cannon,  cal.  1".5,  mounted, 
one  on  this  carriage  and  one  on  the  Hotchkiss  field -carriage. 

On  the  0th  of  April,  after  3  sighting  shots  to  get  the  proi)er  elevation, 
20  rounds  were  fired  from  each  gun  at  a  ttirget  11  by  52  feet,  made  of 
1-inch  spruce  boards,  and  at  a  distance  of  500  yards.  The  numl>er  of 
hits  hi  both  cases  was  20,  and  all  direct.  The  mean  de\iation  from  the 
center  of  impact  was,  for  the  flank-defense  carriage,  2'.139;  for  the  field- 
carriage,  1'.731.     (See  record  appended  and  Plates  IV  and  Y.) 

On  the  IGth  of  same  month  firings,  under  similar  conditions  to  those 
of  the  0th,  were  made  at  1,000  jards,  20  rounds  in  each  case  fired ;  with 
the  flank  defense  carriage  there  were  two  failures  to  hit  target,  the  mean 
deviation  from  center  of  impact  of  the  18  hits  being  3M194 ;  with  the 
field-carriage  all  of  the  shots  hit,  the  mean  deviation  being  3'.70416.  (See 
Plates  VI  and  VII.) 

In  order  to  test  the  workings  of  the  carriage  for  flank-defense  pur- 
poses, a  wooden  casemate  was  constructed,  all  of  the  dimensions  of 
whicli^  as  to  height  and  width  of  embrasure,  &c.,  were  obtained  from  the 
drawings  furnished  by  the  Engineer  Department.  In  all  the  firings 
under  the  difierent  angles,  both  of  elevation  and  depression,  and  also  in 
its  traverse,  the  carriage  worked  very  satisfactorily. 

CONCLUSIONS. 

All  of  the  different  functions  required  to  be  performed  by  the  carnage 
were  satisfactorily  shown  in  the  tests,  and  the  system  proved  itself  easy 
of  traverse,  elevation,  and  depression  for  the  difierent  circumstances  of 
fire  for  flank-defense  service.  Also  the  feature  securing  a  withdrawal 
of  the  gun  from  the  embrasure — a  necessity  which  it  is  apparent  wiU 
arise  under  the  varpng  circumstances  of  service — has  shown  in  the  ex- 
periments to  serve  its  purpose  with  promptness  and  efliciency. 

The  carriage  is  strong  in  all  its  parts  ;  well  adai)ted  a«  a  system,  hot^ 
in  construction  and  essential  fea-tures,  for  all  the  contingencies  requir^^ 
of  it  i!i  service,  sightly  in  its  lines,  and  is  reconmiended  as  a  standard 
be  fol  owed  in  the  manufacture  of  flank-defense  carriages  for  the  Hotc" 
kiss  levoh'iug  cannon,  heretofore  tested  and  ax>proved  by  the  Board. 
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APPENDIX  I«. 

RELATIVE    DESTRUCTIVE    EFFECTS    OF    DIFFERENT    HOTCHKISS    PRO- 
JECTILES. 

(Three  plates.) 

DESCRIPTION  OF  SHELLS. 

(See  Plate  I.) 

Triple-wall  shelly  Fig.  1. 

This  shell  has  three  walls,  parallel,  or  nearly  so,  with  each  other,  and 
united  to  a  solid  base.  In  producing  it,  the  inner  wall  a  is  first  cast  by 
the  ordinary  process.  .  This  wall  is  then,  suspended  upon  a  core  piece, 
whose  dimensions  are  such  as  will  leave  a  space  between  its  exterior 
and  the  interior  surface  of  the  wall  a  equal  to  the  thickness  desired  for 
the  inner  wall  b.  This  core  and  the  w  all  a  are  then  suspended  in  a  mold 
of  the  common  construction,  which  mold  has  an  inner  contour  of  the 
sliape  of  the  exterior  of  the  complete  shell.  The  metal  poured  into  this 
mold  envelops  the  inner  wall  a  and  forms  t!ie  slioll  as  shown  in  Fig.  1. 
The  object  of  this  peculiar  form  of  construction  is  to  produce  a  shell 
^hich  will  be  broken  into  a  larger  Dumber  of  pieces  than  shells  of  the 
ordinary  construction.  Near  the  forward  and  rear  ends  of  the  cylindri- 
^1  portion  of  the  shell  cannelures  are  turned  to  receive  the  packing  or 
^ft  brass  bands,  which  are  pressed  and  crimped  into  place.  The  base 
^^  the  shell  is  slightly  chamfered. 

Hotxihkiss  field-shell  (ordinary  pattern)^  Fig,  2. 

Xhe.se  shells  are  about  an  inch  longer  than  those  described  above,  and 

have  greater  powder  capacity.    They  are  cast  in  the  usual  way  for  cast- 

Jj^S  shells,  and  have  the  same  general  shape  as  the  triple-wall  shells. 

JUe  packing  as  originally  made  consisted  of  a  soft  brass  tubing  about 

*  inches  in  length,  running  nearly  two-thirds  the  length  of  the  cylindri- 

^1  portion  of  the  shell;  it  was  pressed  and  crimped  into  a  recess  turned 

^^  the  shell  to  receive  it.    Cannelures  were  turned  on  the  exterior  of 

^he  tubing  to  -diminish  the  bearing  portion  of  the  packing  to  be  cut 

ttirough  by  the  rifling  of  the  gun.    Before  these  shell  were  fired,  and  to 

^tisure  suitable  rotation,  Mr.  Hotchkiss  added  a  smooth  brass  tubing 

B-bout  IJ  inches  loug,  which  was  pressed  and  crimped  into  the  recess 

turned  iov  it.    In  turning  this  recess  two  annular  rings  were  left,  as  is 

shown  in  drawing. 

Results  of  firing  at  Sandy  Hook. 

(Plates  II  and  lU.) 

On  the  12th  of  March  29  rounds,  in  all,  of  the  triple- wall  shells  were 
fired  from  the  Hotchkiss  8^™  field-gun  at  a  target  11  by  52  feet,  made  of 
1-inch  spruce  boards.    The  first  9  rounds  were  necessary  to  get  the 
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proper  elevation  to  allow  the  projectile  to  strike  about  25  paces  in  front 
of  the  target,  pre\ious  experiments,  with  shell  of  all  kinds,  liaving 
shown  that  projectiles  exploding  at  this  distance  produce  the  most  de- 
structive effect  upon  the  target ;  of  these  9  fired,  one  burst  at  muzzle  ol 
gun.    The  remaining  20  rounds  proihiced  the  following  results:  Total 
hits  348,  of  which  3(K)  went  through  the  target ;  1  shell  burst  at  muzzle 
of  gun.    Average  hits,  per  shot,  17.4. 

Firings  with  tlie  oixiinary  shell  manufactured  by  Mr.  Hotchkiss  fox" 
the  8*"™  gun  were  made  on  the  19th  following,  under  the  same  conditions 
of  target,  elevation,  i>owder,  &c. ;  no  preliminary  shots  were  necessarv^^ 
the  proper  elevation  ha\ing  been  ascertained  by  the  experiments  of  thu 
12th.    Twenty  shots  fired  gave  i^esults  as  follows :  209  total  hits,  wi 
185  pieces  through  target ;  2  of  the  shells  burst  at  muzzle  of  the  guiL 
Average  hit«,  per  shot,  10.45. 

CONCLUSIONS. 

An  examination  of  the  results  of  firing  and  accompanying  targe 
show  an  average  of  17.4  hits  i>er  shot  for  the  triple-wall  against  10.4  fi 
the  common  shells.    The  liability  to  premature  explosion  or  breaki 
up  in  the  gun  seems  to  be  about  as  great  for  one  as  for  the  other. 

These  trials  having  demonstrated  the  superior  destructive  effects 
the  triple-wall  over  the  common  shells,  t^e  Board  recommends  that 
ther  experiments  be  made  to  more  fiilly  test  their  merits,  when  ftiiL 
are  available  for  the  purpose. 
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APPENDIX  I'. 

SPORT  ?ON   HOTCHKISS   REVOLVING    CANNON   (LIGHT  FIELD  MODEL, 

CAL.  1.5  INCH. 

(Eight  plates.) 

DESCRH'TION  OF  GUN  AND  CARRIAGE. 

(See  Plates  I,  II,  ni,  and  IV.) 

'  The  gun  and  carriage  differ  from  those  described  in  the  report  of  the 
►oardof  June  18,  1877  (Report  of  the  Chief  of  Ordnance  for  1877,  page 
09),  in  minor  details  only ;  the  principles  of  construction  are  the  same; 
tie  gun  and  carriage  are  lighter,  and  the  barrels  of  the  gun  shorter. 
'he  ammunition  also  is  lighter  and  shorter  than  that  used  in  the  heavier 
lodel,  but  is  alike  in  all  other  particulars. 
The  principal  weights  and  dimensions  are  given  below  : 

Oun. 

otal  length  of  bore inches..    29^ 

eight  of  gun pounds  (225  kilos.)..  496 

Shdl—{Bee  Plate  V.) 

ngth  of  body inches..     3.261 

It  ire  length  with  fuse inches . .     3. 678 

25ight  of  shell  empty ounces. .  13. 19 

Bight  of  fuse ounces..     1.92 

sight  of  bursting  charge ounce. .     0. 72 

t al  weight  of  projectile  complete  for  firing ounces. .   15. 83 

Cartridge  case. — (See  Plate  Y.) 

ngth  of  case inches. .  3. 711 

eight  of  case ! ounces. .  3.   08 

Charge  of  powder, 

large ounces..     2.63 

eignt  of  complete  cartridge ounces . .  21. 57 

*ngth  of  complete  cartridge inches. .     6. 57 

Carriage. 

eight  of pounds. .  643 

RESULTS  OF  FIRING. 

^On  the  8th  and  9th  of  May,  1879,  there  were  fired  from  this  gun,  at 
mdy  Hook,  in  all,  170  rounds,  of  which  4  were  for  velocity,  76  fired 
sting  workings  of  gun,  15  sighting  shots  at  the  different  ranges,  and 
\  (25  eaeh)  at  targets  200,  500,  1,000  yards  distant.  The  targets,  11  by 
I  feet,  were  made  of  1-inch  si>ruce  boards,  of  which  there  were  three 
;  each  range,  they  being  50  feet  apart ;  2.63  ounces  of  new  mortar  pow- 
jr  was  used  as  the  propelling  charge,  with  which  an  average  velocity 
'  1,161  feet  per  second  was  obtained. 
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The  following  results  were  obtained  at  the  ditfereut  ranges  fired: 

200  yards.— {See  Plate  VI.) 

Shots  fired,  25.     Total  hit8, 3  targets,  411. 

Total  hits:  Ist  target 301;  of  which    495  vere  through,  and    166  not  througb. 

Total  hits:   2d  target 40;  of  which      20  were  through,  and      20  not  thrwigh. 

Total  hits:   IM  target 10;  of  which       5  were  through,  and        5  not  through. 

411  220  191 

500  yards.— {See  Plate  VII.) 

Shots  fired,  25.     Total  hits,  3  targets,  276. 

Total  hits:  Ist  target...  91.  Through..  46.  Not  through..  41.  Direct  hits..  4 
Total  hits:  2tl  target...  126.  Through..  42.  Not  through..  82.  Direct  hits..  2 
Total  hits:   3d  target...     59.     Through..     13.     Not  through..     44.     Din^t  hits..  2 

276  101  1(57  8 

1,000  yards.— {See  Plate  VIIL) 

Shot«  fired,  25.     Tot^l  hits,  3  targets,  2:i4. 

Total  hits:  1st  target...  189.  Through..  112.  Not  through..  71.  Direct  hits..  C 
Total  hit«:  2d  target...  31.  Through..  8.  Not  through..  2*.?.  Direct  hits..  0 
Total  hit*»:   3d  target...     14.    Through..       4.     Not  through..     10.     Direct  hits..  0 

2:M  124  104  0 

CONCLUSIONS. 

These  results,  rivaling  in  effectiv  eness  the  accuracy,  rapidity,  and  con- 
tinuousness  of  fire  and  wide-spread  dispersion  of  the  shell  fragments,  at 
tained  with  the  heavier  models,  heretofore  tried,  of  the  revol\"ing  cannon 
(at  the  same  range),  aiford  evidence  of  the  entire  practicability  of  the  in- 
troduction into  service  of  lighter-built  guns.  This  feature  will  secure 
that  increased  mobility  in  action  and  easements  in  transi)ortation  so 
essential  for  the  lighter  uses  to  which  it  mav  be  desirable,  in  a  varying 
service,  to  employ  this  arm,  now  probably  to  take  its  pla^e  as  an  impor- 
tant adjunct  in  the  service  of  modern  armies. 

As  an  artillery  arm  for  our'  national  militia  organizations,  for  duties 
which  they  are  sometimes  called  upon  to  perform  in  times  of  national 
peace,  the  defense  of  property  from  mob  violence,  it  has  (it  is  believed), 
at  present,  no  superior. 

APPENDIX. 

Extract  from  the  report  of  the  Artillery  Commviffion  of  the  Rusaian  Imperial  Marine,  relatin 
to  experimenUt  made  with  Hotchkiss  revolving  can HOM.     (Xov.  19,  1878.     Xo.  10.) 

[Translated  from  the  French  by  Capt.  F.  H.  Phipps,  Oixlnanee  Department.] 

The  commisBion,  after  haviug  descrihed  in  detail  the  construction,  the  mechanism^ 
and  the  workings  of  the  piece,  concludes  its  report  with  the  following  re^MW^^'of  the 
results  of  their  experinuMit« : 

1st.  Facility  of  manoeuvkr. 

The  manoeuver  of  this  cannon  is  as  easy  as  convenient.  The  employment  of  the 
butt  piece,  and  the  particular  construction  of  the  sight,  iwrmit  the  piece  to  be 
directed  as  a  small-arm  and  sighted  as  easily  as  thougli  firing  off-hand,  condition* 
very  important  for  rapidity  of  fire.     The  same  gunner  points  the  piece,  changes  freely 
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(liFection,  and  delivers  the  shot;  a  single  assistant  iH  necessary  for  feeding.  The 
nittission  thinks,  however,  that  a  certain  habit  of  duty  with  the  piece  is  indis- 
usable  to  the  man  who  points;  rapidity  of  lire  requires  that  this  gunner  operates 
mUaneously  the  change  of  direction  with  the  left  hand,  and  the  manoeuyer  of  the 
ng-crank  with  the  right  hand,  and  that  without  the  eye  le^aving  the  line  of  fire. 
rSeiative  to  the  sight,  the  commission  thinks  that  the  sights  with  tixed  graduations 
>  preferable  for  rapidity  of  fire,  since  they  obviate  the  necessity  of  a  new  adjust- 
ut  at  each  shot.  It  recognizes  at  the  same  time  that  this  sidvantage  involves  a 
ase  of  eri-or  possible  in  the  pointing ;  fixed  gra<luations  might  be  couiounded  with 
!\i  other  in  rapid  changes  of  the  line  of  fire. 

2d.  Solidity  of  the  mechanism. 

The  mechanism  of  the  Hotchkiss  revolving  cannon  admits  of  only  a  small  number  of 
rtsof  considerable  dimensions  and,  rationally  combined,  presenting  every  guarantee 
solidity. 

The  commission  fired  210  rounds  without  the  mechanism  becoming  clogged.  A 
igle  stoppage,  which  occurred,  arose  from  a  mistake  of  the  pyrotechnist. 
A  cartridge  N^thout  powder  having  been  introduced  into  the  chamber  of  the  gun, 
e  priming  only  was  fired,  and  the  shell  remained  in  the  bore,  whilst  the  cartridge- 
8e  was  removed  by  the  extractor.  The  shell  prevented  the  introduction  into  this 
rrel  of  a  new  projectile  and  momentarily  delayed  the  firing.  This  obntacJe  removed, 
e  mechanism  functioued  irreproachably. 

3d.  Rapidity  of  fire. 

Each  revolution  of  the  crank  corresponds  to  a  shot,  the  velocity  of  the  mechanism 
taining  fJO  to  HO  shots  a  minute.     But  the  rapidity  of  fire  depends  upon  the  i>ronipt- 
88  with  which  the  arm  is  fed  with  cartridges,  proving  in  rtmlity  less  great. 
The  experiments  of  the  commission  furnished  on  this  point  the  following  results  ; 

A.  Firing  without  pointing  32  shots  a  minute. 

B.  Firing  at  a  field  target  i)laced  at  a  distance  of  200  sag^nes  of  6  feet  (400  yards) 
►m  the  piece,  pointing  at  each  shot,  20  shots  a  minute,  giving  12  hits  in  the  target ; 
[^portion  of  direct  hits  to  shots  fired,  60  per  cent. 

C!.  In  order  to  determine  the  rapidity  and  useful  effect  of  fire  against  a  moving 
ject,  ten  targets  were  employed,  each  one  representing  the  end  view  of  a  torpedo 
at.  These  targets,  disi)osed  in  oblique  echelon  in  order  that  they  might  not  mark 
ch  other,  were  placed  at  distances  from  the  gun  increasing  fi'om  30  sagenes  of  6  feet  * 
)  yards)  in  s'lich  a  way  that  while  the  first  is  at  80  sagenes  (160  yards)  from  the 
tmon  the  last  was  80  -|-  (9  x  30),  or  350  sag<Snes  (700  yards)  removed, 
[n  order  to  approach  as  near  as  possible  to  the  practical  conditions  of  fire  against  a 
rpedo-boat  during  its  attack,  a  shot  was  directed  successively  against  each  target, 
mmencing  at  the  last  and  finishing  with  the  first. 

\  first  series  of  10  shots  fired  in  23  seconds  gave  4  hits,  1  of  which  was  in  the 
ith  target,  1  in  the  second,  and  2  in  the  first.  ^  The  torpedo-boat  advancing  with 
i  speed  of  41.7  knots  would  receive  directly  three  projectiles  in  getting  over  270 
l^nes  (540  yanls). 

\  second  series  of  10  shots  was  fired  in  60  seconds  in  the  same  order  as  those  of  the 
it  series,  giving  3  hits,  1  each  in  the  ninth,  fifth,  and  second  targets,  correspond- 
r  to  3  hits  upon  a  tori)edo-boat  approaching  with  a  speed  of  16.04  knots. 
Finally,  a  third  series  of  5  shots  was  fired  in  45  seconds,  and  directed  against  5 
•gets,  60  sagenes  apart  (120  yards),  the  first  being  placed  at  80  sagenes  (160  yards) 
•m  the  gun ;  these  shots  gave  2  hits  in  the  diflerent  targets,  con'esi)onding  to  2  hits 
a  tor|»edo-lioat  traveling  with  a  speed  of  21.4  knots. 

4th.  Initial  velocity  of  the  projectile. 

The  initial  velocity  of  the  cast-iron  shell  weighing  15.35  ounces,  and  fired  with  a 
irge  of  2.9  ounces  of  cannon-powder,  was  1,311  feet.  That  of  the  steel  shell  of  17.2 
iices,  fired  with  the  same  charge,  was  1,228  feet. 

oTH.  Regular  fire  against  metallic  plates. 

The  following  results  were  obtained  in  firing  against  iron  idates  of  ^"  and  1"  thick- 
»8,  bolted  to  vertical  oak  poHts. 

*  Note. — The  sag6ne  of  6  feet  used  in  the  Russian  marine  is  equal  to  1™  83  (about  2 
iglish  yards),  and  must  not  be  confounded  with*  the  sag<5ne  of  7  feet,  which  is  equal 
2™  134  (2^  yards),  used  in  the  Russian  land  service. 


176 


REP^iKT    OF    THE   CHUT    OF    ORDXANCE. 


A.  Tlir-  mf^i'xhr^il  ''A^t-rrMQ  *h*-n  p»'n*^rr»E#Hi  fr*^Iv  %h^  f-inrh  iroii  plate  at  adUUnce 

fii  r.hr»^»^  r;khL*— ir-n.r'h.-*    7*21'  yjkr'i"'.      Firin.z  it  ^ti**  *kra«-  •li^tam^  aj^ainst  *l-incb  iron 
pi.ir*-?*.  rhr  "•am**  proj-'-ril^  hr'.lcr  in  *ni.ill  pi'-*-**?*  in  m.ikin^  only  an  impreesion. 

B.  Jh^  '•■x*r.-[ri>Ti  -h^II  lo:**!**!!  w^qt  tlir''i^!i.  at  th.r  »aaie  dUtaaee,  the  ^incb  iron 
\j].\r.*>:  ari.l  •-T|*I«>«l»-«i  K^-hiri'l  thr  t;ir^^t.  T'li  i>-r  cii-  '*.irii>^  •Mr»'aj[u*taQee»  this  projectile 
oiiiy  r^r*  loirii  a  tV  :i>L»f  imare-^-i'm   in.  til*?  l-m-'h   pL^nie  aQ»l  exploded  in  front  of  the 

C  Th»-  w»*i/hrKtl  ^r*^!  pri>j»-rr!l#-  fir»-il  ;i,:M>in.-*t  th**  l-inch  in>n  plate  made  a  bulged 
inoh<-^  in  ♦I'-ffrh  an*!  •l*-r;v:hr»l  ^razm^nL-i  •>t  the  tar;i»*t:  the  hole  wa*  throagh,  bat  the 
•hr-ll  'ImI  nor  z"  thrMii'^h- 

D,  Th*-  ^T^t-l  *h^II  Ima*!*-*!  pi-r«'e«l  rh^^  l-in»h  {>late  and  made  an  indent  only  ^  inch 
in  dr pth.     Th*-  t'ra;iTnent.-*  ot*  tli*-  pr«>j*-*.til»r  tVil  in  tronc  of  the  target. 

r>TH.   OBLIi^C  R    HKF.   AOAIXST   TKE    PRmW   oF   A  TORFEDO-IP^AT  AT  A  DISTAXCE  OK  TWO 

CABLE-LENGTH*  (4.^)   YARDS). 

Fir^t  4hot.  veigkt^d  cast-irom  $ktU. 

Til*'  pr»»j*-«rile  Htrruk  the  left-haad  eomer  tm  a  level  with  the  second  bulkhead, 
*»rarTinii  fn^m  th»-  front.  jHi'*{*»'d  rhnm^jh  the  ?*eirond  and  third  bulkheads,  and  trucks 
i-inch  irr»n  plate  repn->*ntin;x  the  boiler  of  the  torpeilo-b«>at;  upon  which  it  was  broken 
to  j»i«fcef».  "ili^^litly  ilariia;^ing  the  plate. 

Secomd  »kot.  w^njhUd  cii«t-irom  likHL 

The  projectile  r»tnick  the  rijrht-hand  comer  in  fn>nt  of  the  first  bulkhead,  passed 
through  the  corner  of  the  hr>»t  Imlkh^ad.  and  broke  to  pieces  on  a  ricochet. 

The  fragments  pnxlnceil  in  the  second  bulkhead  four  holes  and  one  indentation:  in 
the  third  three  hole?*  and  one  inilentation:  and  on  the  |-inch  iron  plate  three  inden- 
tation.**, one  of  which  wa^*  |  of  an  imh  deep,  the  other  two  lieing  flight. 

Third  $kot.  9tetl  «heU. 

This  projectile  ?*tnick  the  right-han«l  comer  cb»s<'  to  the  sei'oud  bnlkhead,  pene- 
trating these  two  bnlkhea<b4,  rico«'hetted  In  deviating  to  the  left,  and  breaking  it«lf 
in  turning  again.st  the  ^inch  iron  i>hii€\  u{>ou  which  it  made  an  oval  ilidentation} 
inch  deep.  During  tbi.s  tire  the  projei-tile  hit  the  comer  of  the  torpedo-boat  under  an 
angle  of  from  15^  to  20-. 

7th.  Explosive  effects  of  the  projectiles. 

In  order  to  »tudy  the  explosive  effects  of  the  projectiles  loaded  and  provided  with 
the  De.«*mare.Ht  fuse,  the  hre  being  directed  against  two  wootleu  targets  of  1-inch 
spnice,  21  feet  long  and  3  f«'et  high,  plac«'d  the  first  at  600  yards  from  the  piece,  and 
tlie  second  12  feet  lM?hind  the  first.  Of  the  d  shots  tired  4  burst  between  the  two  tar- 
gets, and  4  after  having  pass4Hl  through  them.  There  was  found  on  the  second  target 
76  holes,  being  19  hits  per  shot. 

8tii.  Test  of  the  accuracy  of  the  piece. 

Firing  for  accuracy  was  made  with  some  cast-iron  shells  at  targets  placed  at  200, 
600,  and  1,000  yards  distant.  The  tests  were  made  to  determine  the  mean  deviation 
of  these  projectiles. 


Distances. 


Mean  deviation. 


Horizontal. 


Vertical. 


Sag^nes. 

Meters. 

1 

Feet. 

0.12 
0.80 
L30 

1 
Meters. 

Feet. 

100         

183 

1 

0.0306 

0.244 

0.3965 

r 

0.40 

300 

549 

1.10 

500 

'         915 

1 

Leo 

Meters. 


0. 122. 
0.3353 

0.4^ 


These  deviations  are  greater  by  1".75  than  those  from  the  Engstrom  cannon,  l*"^ 
less  by  2^;,  inches  than  those  of  the  light  cannon  of  Barauowsky. 

•Anencablure  or  cable's  length  is  equal  to  120  fathoms  or  720  feet. — Ordnance 
Manual,  1861. 
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CONCLUSIONS. 

fter  the  experiments  made  with  the  Hotchkiss  revolving  cannon,  the  commission 

ipltulated  in  the  following  conclusions  its  opinion  of  this  arm : 

it.  The  solidity  of  the  mechanism,  the  convenience  of  its  management,  and  the 

lity  with  which  the  piece  can  be  taken  apart  and  put  together  again  are  com- 

f\y  satisfactory. 

I.  Its  ease  of  manoeuver  and  rapidity  of  pointing  are  very  remarkable.    On  this 

it  the  Hotchkiss  revolving  cannon  has  an  incontestable  superiority  over  all  arms 

is  kind. 

1.  The  precision  of  fire  of  the  Hotchkiss  revolving  cannon  is  very  satisfactory. 

;h.  Witli  respect  to  rapidity  of  fire  the  Hotchkiss  revolving  cannon  has  an  advan- 

i  over  the  Engstrom  and  Baranowsky  cannon. 

:h.  The  pivot  of  the  Hotchkiss  revolving  cannon  presents  aJl  the  guarantees  of 

dity 

ih.  The  effect  of  the  loaded  shells  on  the  wooden  launches  was  satisfactory.    The 

marest  fuses,  however,  were  wanting  in  sensibility. 

th.  The  effects  of  the  projectiles  on  the  ^iuch  and  1-inch  iron  plates,  and  upon  the 

)6do-boat.s,  were  sufficient. 

he  commission,  in  view  of  the  preceding  conclusions,  is  of  the  opinion  that  the 

cbkiss  revolving  cannon  should  find  place  in  the  armament  of  the  ships  of  the 

dan  imperial  navy  as  a  means  of  defense  against  torpedo  boat<8. 
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APPENDIX  P. 
2SS  REPORT  ON  3.17-INCH  MUZZLE-LOADING  RIFLE,  CHAMBERED 

GUN. 

Till  description'of  the  construction  of  this  gun,  see  report  of  the 
actor  of  Ordnance. 

CARRIAGE. 

?xtra  width  at  the  breech,  due  to  the  banding  of  this  gun,  pre- 
its  being  mounted  on  an  ordinary  field-carriage;  one  for  the  4^" 
fle  was  therefore  adapted  to  its  use. 

POWDER. 

I  the  exception  of  two  rounds  of  Du  Pout's  hexagonal  I.  C.  pow- 
3  density  and  granulation  of  which  were  respectively  1.7  and  72: 
it's  sphero-hexagonal  I.  B.  powder,  having  a  density  of  1.728  ana 
ilation  of  123,  was  employed.  The  charge  of  powder  used  in  all 
ts  being  longer  than  the  chamber  of  the  gun,  it  was  necessary, 
r  that  the  powder  might  be  forced  into  place,  to  rip  the  longi- 
seam  in  the  bag,  with  the  exception  of  about  2  inches  at  each 
d  to  substitute  for  the  thread  a  steel  wire ;  the  cartridge  being 
iown,  and  the  wire  removed  by  means  of  a  string  attached  to  it, 
wrder  lying  beyond  was  forced  loosely  into  the  chamber.  The 
\  of  powder  varied  from  5^  to  5|f  pounds ;  the  resulting  air- 
anging  from  31.32  to  35  cubic  inches  per  pound  of  powder. 

PROJECTILES. 

projectiles  were  all  of  the  Butler  pattern,  and.  except  two,  12J 
solid  shot,  and  five  11^  pound  cored  shot— the  latt^  fired  at  sea 
^es — were  cored  shot,  weighing  10^  pounds. 

RESULTS  OF  FIRING. 

xamination  of  the  record  of  firing  appended  shows  that  the  best 
were  obtained  with  5  pounds  13  ounces  of  I.  B.  powder,  which 
muzzle  velocity  of  2,026  feet  with  only  30,000  pounds  pressure. 
)S  of  37  feet  in  velocity  in  81  feet  of  flight,  though  great,  might 
5cted  pf  a  light  projectile  moving  with  such  very  great  velocity, 
also  be  observed  that  an  increase  in  the  charge  of  powder,  2 
gave  no  additional  velocity  to  the  projectile,  fimig  5  pounds  13 
as  the  maximum  effective  charge  of  this  powder  for  this  rifle. 
«t  average  results  so  far  obtained  fix)m  the  3"  breech-loading 
LS  with  3  XH>unds  of  I.  A.  powder,  using  same  kind  and  weight  of 
ile  as  above,  the  resulting  muzzle  velocity  being  1,558  feet,  and 
•e  36,333  pounds.  The  loss  of  velocity  in  75  feet  was  16  feet.  An 
3  of  five  rounds  with  the  chambered  rifle  gave  a  range  of  3,049 
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CONCLUSIONS. 

It  will  be  seen  that  the  advantage  of  chambering  is  fully  estal 
as  the  results  obtained  are  most  excellent,  and  fully  equal  to  anj 
oped  abroad.  It  is  therefore  of  the  highest  importance,  in  the  < 
of  the  Board,-  that  further  experiments  be  made  by  applying  th 
ciple  to  higher  calibers,  and  practically  establishing  the  extent  U 
it  can  be  i^ed  in  our  sea-coast  armament. 

After  a  full  consideration  of  the  subject,  as  applied  to  our  presc 
guns,  the  Board  is  of  the  opinion  that  the  chambering  principle 
be  used  in  any  which  may  hereafter  be  altered  into  breech-loade 
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APPENDIX  V\ 

PROGRESS  REPORT  ON  8-INCH  BREECH-LOADING  RIFLE. 

The  gun  and  carriage  were  fully  described  in  the  report  of  the  Coim_- 
structor  of  Ordnance,  and  published  in  the  Report  of  the  Chief  of  OnM^  ~ 
nance  for  1878. 

This  rifle  has  been  fired  in '  all  202  rounds,  190  of  which  were  witi 
battering  charges  (35  pounds).  An  examination  of  the  accompanyiD; 
record  will  show  that  in  the  firings  with  battering  charges  the  average 
weight  of  shot  used  was  181  pounds;  the  mean  velocity  at  muzzle,  l,3()*i^^^ 
feet ;  the  mean  maximum  pressure,  30,302  pounds  per  square  inch  c:^:::^!' 
bore  5  and  the  mean  energy  at  muzzle,  2,333  foot-tons. 

REMARKS. 

The  gun  remains,  so  far,  intact,  and  awaits  the  trials  further  cont€^  :^i,. 
plated  and  decided  upon  as  necessary  to  test  the  endurance  of  this  s;^'-^- 
tem  of  construction. 
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APPENDIX  I'l. 

PROGRESS   REPORT   ON    11-INCH   MUZZLE-LOADING  RIFLE,   CONVERTED 

FROM  A  15-INCH  SMOOTH-BORE  GIN. 

A  full  description  of  the  gnu  will  be  found  in  the  report  of  the  Coe- 
structor  of  Ordnance.  It  is  mounted  on  the  ordinary'  15-inch  service- 
carriage,  pro\ided  with  pneumatic  butters  for  checking  recoil. 

By  the  record  it  will  be  seen  the  gun  has  been  fired  33  rounds  with 
charges  varying  from  70  to  So  pounds;  the  projectiles  varying  in  weight 
from  503  to  552  pounds.  Various  powders  have  been  used  m  the  tests 
in  the  endeavor  to  find  one  best  suited  for  the  trial  of  the  gun.  The 
sample  I.  H.  (see  record),  the  last  tried,  has  given  fair  results — with  85 
pounds  of  powder  and  a  shell  weighing  552  pounds — the  recorded  veloc 
ity  being  1,290  feet,  with  a  corresponding  pressure  of  30,000  pounds. 
Experiments  will  be  contiimed  when  the  supply  for  the  tests  recently 
ordered  from  the  Messrs.  Du  Pont  &  Co.  shall  have  been  received. 

The  gun  remains  in  a  sound  and  serviceable  condition. 
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APPENDIX  I« 

ERP0RT8  ON  A  GATLING  GUN,  CALIBER  45-INCH  (ENGLISH  MODEL),  HAY- 

ING  A  NEW  POINTING  APPARATUS. 

(Fifteen  plates.) 

Sm :  In  compliancQ  with  the  instructions  of  the  Acting  Chief  of  Ord- 
nance, of  September  1,  1879,  in  third  indorsement  on  Capt.  J.  E.Greer's 
report  of  April  2, 1879  (1176  of  1879),  the  Board  has  the  honor  to  report 
that  the  tests  ordered  were  made  at  Sandy  Hook  on  the  2oth,  26th,  and 
27th  ultimo.  The  fixtures  differ  from  those  described  in  the  report  of 
the  board  of  April  4,  1879,  in  the  following  particulars  only :  The  taper 
key  or  wedge,  which  fitted  under  the  lever  and  between  it  and  the  swiv- 
eled  steel  box  through  which  it  passed,  has  been  omitted,  it  being  it- 
placed  by  a  simple  clamp-screw.  This  clamp  is  now  on  the  left  of  the 
swiveled  box,  aud  the  clamp  for  the  turn-table,  formerly  on  the  right, 
has  been  transferred  to  the  left  side  to  be  Avithin  reach  of  the  left  hand, 
*the  right  hand  remaining  always  at  the  firing  crank.  The  screw-clamp 
was  substituted  for  the  wedge,  as  it  was  feared  that  the  latter  might 
become  rusted  and  give  trouble  by  sticking  in  its  seat.    A  simple  device 

•  for  limiting  the  oscillation,  as  shown  in  this  rough 
sketch,  has  been  attached  to  the  stock,  and  could  be 
used  or  not,  as  circumstances  warranted.    When  in  ase 

□rfT"jrB — \  it  is  turned  up  so  as  to  limit  the  play  of  the  lever,  the 
1 1  .j^j^j^  1  amplitude  of  the  oscillation  being  regulated  by  the 
j  I  <     screws  A  A  (see  Plates  XI,  XII). 

» -  J  -       I        With  this  arrangement  six  targets  were  fired,  four 

of  them  being  at  200  yards  distance  and  the  remaining 
at  500  yards  (see  target  plottings  appended  and  marked 
1,  2,  3,  4,  6,  and  6,  Plated  I,  II,  III,  IV,  V.  and  YI). 
In  all  10  series  of  500  rounds  each  were  fired  at  targets  11  oy  52  feet^ 
made  of  1-inch  spruce  boards.  Of  the  500  rounds  fired  at  the  first  ana 
second  targets  at  200  yards,  all  were  direct  hits ;  at  the  500-yard  targets 
(Nos.  3  and  4),  the  hits  were  respectively  453  and  489. 

Up  to  this  time  5  men  had  been  employed  in  the  service  of  the  piece, 
the  average  time  occupied  in  firing  600  rounds  being  1'  29f .  The  men 
were  not,  however,  i^equired  to  fire  as  rapidly  as  possible  during  these 
trials. 

The  fifth  and  sixth  targets,  at  200  yards,  were  fired  by  three  men,  one 
turning  the  crank,  one  feeding  and  handling  cases,  and  one  attending 
to  the  oscillator  or  lever,  the  clamps  being  unscrewed  and  the  gun  free 
to  move  both  vertically  and  horizontally.  An  examination  of  these  tar- 
gets— on  the  first  of  which  there  were  but  75  and  on  the  second  but  148 
hits — shows  how  difficult  it  is  to  control  the  dispersion,  the  hand  alone 
controlling  the  lever,  and  that  it  is  necessary  to  clamp  the  lever  to  pre- 
vent too  great  oscillation. 

The  seventh,  eighth,  ninth,  and  tenth  targets  ^Plates  VII,  VIII,  IX, 
and  X),  at  200  yards,  show  good  results,  the  hits  being  respectively  497, 
467,  473,  and  488 ;  in  these  targets  the  straight  lever  was  replaced  by 
one  forked  at  the  end  to  enable  the  man  directing  the  gun,  by  placing 
his  body  between  the  forks,  to  better  control  the  disi)ersion.    Whilst 
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ftring  the  seventh  target  the  device  attached  to  the  stock  for  limiting^ 
the  oscillation  was  used,  the  clamp  on  oscillating  lever  being  unscrewed  ^ 
bat  whilst  firing  the  eighth,  ninth,  and  tenth  the  oscillation  was  con- 
trolled by  the  lever  alone,  the  clamp-screw  being  fastened  and  the  gun 
having  only  that  much  of  vertical  oscillation  which  would  be  due  to  the 
play  of  the  gun  in  firing.  The  average  time  occupied  by  three  men  in 
firing  the  fifth  and  sixth  targets  was  50J" ;  two  men  fired  the  seventh 
target  in  51^'' ;  and  the  average  time  occupied  by  one  man  alone,  in 
feeding,  firing,  and  oscillating  (eighth,  ninth,  and  tenth  targets),  was 
1'  9§". 

-Ail  the  above  firings  were  done  with  a  long  lO-barreled,  caliber  0''.45 
Gatling  gun  (see  record  of  firing  appended,  marked  A,  and  Plates  XI 
and,  XII  showing  gun,  &c.). 

GENERAL  SUMMARY  OF  RESULTS. 
Targets  IV  X  52',  of  1-inch  spruce  hoards ;  500  rounds  at  each  target;  Bridgeport ammuniiion. 
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1  57 

2 

500 

5 
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57 

1  364 

1  2l{ 

3 

500 

5 

489 

4 

200 

3 

75 

57J 

5 

Clamp  on  lever  free;  vertical  dispersion  attempted  by  move- 
ment  of  lever  np  and  down. 

200 

3 

148 

444 

6 

Clamp  on  lever  free ;  no  movement  of  lever  by  hand  up  and 
down. 

200 

2 

497 

61i 

7 

Yoke  used  on  end  of  lever;  oscillator  stop  on  trail,  need. 

200 

1 

4«7 

110 

8 

Yoke  U8e<l  on  end  of  lever;  clamp  on  lever  fastened. 

200 

1 

473 

1    4| 

9 

Do. 

200 

1 

488 

1144 

10 

Do. 

The  Board  find  the  changes  in  the  elevating  and  ta*aversing  fixtures 
of  the  Gatling  gun,  since  its  last  report,  in  April,  1879,  are  such  as  sim- 
plify and  economize  the  construction,  and  add  facility  to  its  manoeuvers^ 
and  are  therefore  to  be  preferred  to  the  fixtures  then  applied. 

The  various  firings  made  with  this  gun,  as  will  be  seen  from  the  rec- 
ords of  firing  appended,  show  that  the  gun  is  handled  with  great  ease 
and  facility,  and  the  fact  that  one  man  can  work  the  gun  alone,  firing  500 
rounds  in  1^  minutes,  and  making  an  excellent  target,  undoubtedly  in- 
dicates that  the  improvements  have  very  much  simplified  and  perfected 
all  the  operations  with  this  gun  to  a  degree  not  heretofore  attained. 

Whether  an  automatic  oscillator  can  to  properly  attached,  and  whether 
its  use  is  so  valuable  as  to  make  it  an  important  adjunct,  it  is  impos* 
sible  for  the  board  at  the.  present  time  to  decide,  but  as  this  addition  is 
recommended  by  Captain  Greer,  who  states  in  his  report  that  it  can  be 
practically  applied,  and  as  the  settlement  of  the  question  whether  it 
should  be  dispensed  with  or  not  has  arisen,  the  Board  would  recom- 
mend that  an  automatic  oscillator  be  adapted  to  one  of  the  guns  and 
carriages,  with  these  new  features,  at  the  Springfield  Armory,  as  pro- 
posed by  Captain  Greer,  and  that  experiments  be  made  at  Sandy  Hook 
to  determine  this  matter;  all  to  be  carried  out  as  early  as  practicable. 
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Record  of  firing  mih  GatUng  gun^  caliber  0".45,  Xo.  195  (ten  long  barrels),  at  Sandg  Hook, 
New  York  Harbor^  from  September  25  to  September  27,  1879. 


u 


o 


Dut«.    '  Ammuultiou. 


Time  of 
firing. 


Remarks. 


1879. 
2     Sept.  25 


Bridgeport. 


500     Sept.  25    ....do 

500     Sept.  25  j do 

500     Sept. -26  L..do 

500     Sept  26   :...do 


500 


Sept  26    do 


500     Sept  26    ...  do 


1'  4" 
1'  57" 
1'  36|" 

r  2ii" 

57i" 
44J" 


600  i  Sept  26   ...do 


51i" 


500 


500 


Sept.  26 


Sept.  27 


.do i     r  10' 


•  •  •  •  Uv    •  •••••• 


500     Sept  27    ....do  .... 


1'  4i" 


V  14i" 


Sighting  8hot«  at  200-yard  target. 

Target  Xo.  1.  Fired  at  200-jard  target.  Total  number  of 
bits  in  target,  500. 

Target  No.  2.  Fired  at  200.yard  target.  Total  number  of 
hits  in  target,  500. 

Target  No.  3.  Fired  at  500-vard  target.  Total  number  of 
hits  in  target,  453.     Diivet  hits.  396:  ricochet  hits,  57. 

Target  Nc».  4.  Fired  at  v»00-yanl  target.  Total  numlu'r  of 
hits  in  target  489. 

Target  No.  5.  Firwl  at  200-yard  target.  Total  number  of 
hits  in  target,  75.  Clamp  on  oscillating  lever  free.  One 
man  attending  to  the  vertical  and  horizontal  oscillations 
during  the  tlruig.  One  man  firing,  and  one  man  feeding 
and  taking  out  casos. 

Target  No.  6.  Fired  at  200-yard  target.  Total  number  of 
hits  in  target,  148.  Clamp  on  oscillating  lever  fre«^.  One 
man  attending  to  the  vertical  and  horizontal  oscillations 
during  the  firing.  One  man  feeding  and  taking  out  cases, 
and  one  man  flnng.  Arrangement  for  limiting  oscillation 
attached  to  caniage  left  down  during  the  firing. 

Target  No.  7.  Fired  at  200-yard  target.  Total  number  of 
hits  in  target,  497.  One  man  firing  and  oscillatinie:.  One 
man  feeding  and  extracting  cases.  Oscillation  limited  by 
arrangement  attached  to  carriage.  Yoke  used  on  end  of 
lever. 

Target  No.  8.  Fired  at  200-yard  target.  Total  number  of 
hits  in  target,  469.  One  man  feeding,  firing,  and  oscillating. 
Clarap  on  oscillating  lever  fastened  to  prevent  vertical  os- 
cillation.   Yoke  used  on  end  of  lever. 

Target  No.  9.  Fired  at  200-yai-d  target.  Total  number  of 
hits  in  target.  473.  One  man  feeding,  firing,  and  oscillating. 
Clamp  on  tWillating  lever  fastened  to  prevent  vertical  os- 
cillation.   Yoke  used  on  end  of  lever. 

Target  No.  10.  Fired  at  200-j'ard  target.  Total  number  of 
hits  in  target,  488.  One  man  feeding,  firing,  and  oscillating. 
Clamp  on  oscillating  lever  fastened  to  prevent  vertical  os- 
cillation.   Yoke  used  on  end  of  lever. 


All  targets  11'  by  52',  made  of  1-inch  spruce  boards.  Mechanism  of  gim  worked  well  during  entire 
firing. 

National  Armory, 
Springfield^  Mass,,  April  2,  1879. 

Sir  :  In  accordance  with  your  instructions  to  examine  the  new-model  Gatliug  gun 
designed  for  the  English  service,  I  have  the  honor  to  submit  the  following  report : 

In  its  general  features  this  gun  resembles  the  short  S-barrel  gun.  It  dilfers  from  it, 
however,  in  the  following  particulars :  The  crank  is  transferred  from  the  rear  of  the 
main  shaft  to  the  side  as  in  the  long  guns.  This  necessitates  the  addition  of  a  dia- 
phragm which  receives  and  transmits  the  pressure  from  the  cam  directly  to  the  cas- 
cabel-plate.  The  crank-shaft  passes  in  rear  of  the  diaphragm.  In  order  that  there  may 
be  no  loss  of  speed,  as  compared  with  the  crank  on  the  main  shaft,  the  pitch  of  the 
worm  and  worm-gear  is  made  the  same. 

The  adjustment  is  at  the  rear  and  the  same  as  in  the  5-barrel  gun,  except  that,  on 
account  of  the  change  of  position  of  the  crank,  the  adjusting-nut  locking-spring 
is  replaced  by  a  slide  on  the  c^scabel-plate,  which  enters  the  various  notches  on  the 
insicik  of  the"  nut.  The  barrels— six  in  number — are  24  inches  in  length,  six  inches 
longer  than  those  of  the  short  gun.  The  gun  is  bronze-cased  throughout.  Underneath 
and  at  the  rear  of  the  casing  is  pivoted  a  cubical  block  of  metal,  through  which,  and 
lengthwise  with  the  gun,  is  a  rectangular  slot.  A  lifter,  or  elevating-bar,  passes 
through  this  slot,  and  is  pivoted  at  its  front  to  the  turn-table  of  either  carriage  or 
tripod.  This  bar  is  clamped  in  any  position  by  another  bar,  slightly  wedge-shaped 
or  tapering,  lying  underneath  and  passing  through  the  slot  mentioned.  By  slightly 
withdrawing  the  wedge,  the  breech  may  be  elevated  or  depressed^  and  again  clamped 
by  its  reinsertion. 

Near  the  outer  end  of  the  elevating-bar  a  handle  is  pivoted  to  it  having  a  groove  on 
it  upper  surface  for  the  end  of  the  bar  when  pressed  together.  A  flat  spring  between 
the  bar  and  handle  rotates  the  latter  downward  about  the  pivot.    At  the  lower  front 
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the  handle  ia  a  sort  of  book  which  receives  &  projecting  pin  on  tlis  tD&t  of  thu 

[livot  Hboat  which  the  handle  turns  hein^  at  itsupper  fWiDt  end,  np ward  motion 
rear  withdraws  the  wodKo.  In  onler  than  to  change  the  elovulion  it  is  only 
iry  to  preAS  tlie  end  of  the  liar  and  handle  toj^ilier,  and  th«n  raisa  or  Iowit  at 
[v.  Tliia  way  be  easily  ami  readily  done  with  one  hand.  Ou  relaxing  the  pi'Sss- 
t\u>  liaud  the  spring  throws  ilie  handle  <low]i  and  vittiiriis  the  wedge. 
I'levnting-bnr  may  olso  Ije  clauipeil,  if  ni;ciisiary.  fur  long-continneil  firing  liy  a 
liiidur  thronch  the  projoution  on  the  under  side  of  tlie  cu^in!?.  The  ndvauliiges 
method  of  cCutiging  the  elevation  are  vary  great.  The  elevating* Here w,  with 
■tvA  movonient  of  breech  and  slow  motion,  is  disveiiied  with;  t)in  vertical  angle 
1i  which  the  gun  may  lie  moved  is  vastly  increiui-il — 15^  elevation  and  311-  ile- 
n  niiw  beiiiK  sivcn— and  the  time  rediiceil  to  a  uiiuimum.  With  the  olcvatiug- 
he  short  and  long  giiua  cannot  beinonntedon  the  eamn  carriage  withont  greatly 
ling  the  stock  hv  the  insertion  of  two  elevating-acrew  boxea  near  together.  By 
aus  tost  adoiiteil  either  gun  may  bemonnCedou  any  carriage  or  tripod  insoTvice. 
i-illat-or  is  also  dispensed  with,  the  gnu  boiug  tnrncil  tii  the  right  or  left  by 
idle  of  the  (elevating- liar.  The  tum-tnble  may  bo  olatuped  to  iti^bed  by  a  screw- 
'   n  is  desired. 


«^* 


:h.inge«  in  the  tripoil  areas  rnllowa:  The  oscillator  is  omitted  as  before,  and  the 


_    .  .   _  .  _ _n  that  of  au  ecceu- 

..    ._  It  has  been  funnd  that  by  continued  firing  the  legs  of  the  tripod  hod 

incy  to  work  together,  endangering  the  stability  of  the  pii-ce.  sometimes  even 
extent  of  a  complete  overthrow.  To  correct  this,  jointed  braces  have  been 
l)etween  the  legs.  Thi'se  fold  ni>  with  the  legs  (hiring  transpoi-tation.  8o  far 
ity  of  directing  the  piece  from  the  tripod  ia  concerned,  the  new  method  is  not 
'  superior  to  that  iu  use,  because  the  piece  may  now  be  turned  through  a  hori- 
arc  of  '3StP,  aad  by  means  of  the  olevatiiig-screw  lifter  the  elevHtiou  may  be 
,~  given  ;  bnt  oa  the  new  method  enables  aiiy  gun  to  be  fired  froiu  either  carriage 
'"'  '*  is  particularly  desirable.    The  reduction  iu  weight  of  the  tripod  is  also  a 


le  feature. 
13  0RD 
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The  j^reat  advanta«jc,  however,  is  derived  wlien  the  piece  is  mounted  ou  the  ca^ria:^' 
Avhere  the  ehnatioii  is  given  by  the  screw  alone,  and  the  horizontal  motion  Ls  exceed-    I 
ingly  limited  without  movement  of  the  trail.     In  view,  then,  of  the  jjreat  api»jmnt 
superiority  of  the  new  system  over  that  in  service,  I  would  respectfully  sujrgest  that  a 
j^un  and  carriaj^e  of  the  latest  model  be  purchased  for  experiment  and  trial,  or  that 
one  of  those  now  on  hatul  be  altered  for  the  ]»uri)ose  menti(med. 

Plates  XIII,  XIV",  and  XV",  illustrative  of  the  system,  arfe  submitted  herewith. 

[Fir«t  iudorscmont.] 

National  Armory,  Jpiil  2,  1879. 

Respectfully  forwardetl  to  the  Chief  of  Ordnance,  approving::  the  reconnnendation 
that  a  specimen  of  the  new  ]»ointing  a])paratas  be  procured  from  the  Gatlini^  (iun 
Company,  for  trial  with  one  of  the  guns  lielouging  to  the  Ordimnce  Departnieiil. 

J.  G.  BENTON. 
Lieu  tena  n  U  Colonel j  Com  ma  tiding. 

(S«'Coiid  indorsement.) 

Ordnanx'e  Office,  War  Departmknt, 

JVatfhhiytoMy  April  4,  1^9. 

Respectfully  returned  to  the  commanding  otHcer  of  National  Armory,  authorizinj: 
the  purchase  of  a  specimen  of  the  new  pointing  apparatus  for  trial  and  report.    *    * 
Bv  order  of  the  Chief  or  Ordnance. 

S.  C.  LVFORD, 
Major  of  OrdNonce. 
fThinl  indornt'nu'nt.] 

National  Armory,  AuguHt  29,  1879. 

Resyiectfnlly  returned  to  the  Chief  of  Ordnance,  together  with  Captain  Greers  rvptirt. 
dated  Augu.st  2<»,  IHTD. 

I  am  of  opinion  that  the  new  apparatus  for  pointing  Gatling  guns,  lienMn  referrp«l 
to,  is  equal  to  the  old  one  for  8t^»adi]n*^4s,  and  much  superior  in  rai>id  execution.  In  it 
Dr.  (Jatliug has  omitted  the  old  automatic  oscillator  and  substitnted  for  it  an  o.s<'illation 
by  hand.  As  this  is  an  important  point,  and  one  that  cannot  be  projwrly  tested  at 
this  place  for  the  want  of  a  proper  tiring  ground,  I  reconnnend  that  the  entirt*  subject  In- 
transferred  to  the  Onlimnce  Board  for  trial  and  determination  at  Sandy  Hook. 

Many  improvements  have  been  introduciMl  in  Gatling  gtms  since  their  first  intnidnc- 
tion  into  the  service,  making  a  variety  of  models  of  both  gnus  and  carriages  now  in 
the  hands  of  the  troops.  Some  etfort  should  be  made  to  reconcile  the  ditl'erenees  bv 
applying  tlie  improvements  to  all,  so  far  as  practicable,  and  this  would  seem  to  Wa 
lu'oper  subject  for  the  consideration  of  the  Board. 

J.  G.  BENTON, 
Colonel  of  prdnancey  Commanding. 


L 


National  Armory, 
Sprinfifieldy  Mast*.,  AngHat  2ti,  1S79. 

Sir:  In  ray  report  of  April  2  attention  was  called  to  a  new  device  for  elevating  or 
depressing  and  pointing  of  Gatling  guns,  and  a  recommendation  ma<le  that  one  be  pur- 
<'hased  for  trial.  That  recommendation  having  been  ai»proved,  the  apparatus  was 
ordered  from  the  Gatling  Gun  Cimipany,  of  Hartfoi*d,  Conn. 

On  its  receipt  there  wa«  found  accompanying  it  a  second  one,  differing  from  the  ont* 
described  in  the  report  mentioned  in  the  following  particulars :  The  taper  or  friction- 
bar  nndemeath  the  elevating-bar  is  omitted,  and  a  brass  yoke  or  fork  of  a  size  siifti- 
cient  to  admit  the  average  man  between  the  branches  is  pinned  to  the  onter  end  of  th** 
elevating-bar.  A  leather  strap  at  the  end  ot  this  bar  jia^sses  over  the  shoulders  of  the 
one  turning  the  crank,  and  enables  him  to  hold  the  bar  at  any  desired  height."  The 
oscillation  is  supposed  to  be  given  by  his  pressing  alternately  against  the  braucbesof 
the  fork,  the  tnni-table  being  undamped.  The  screw-binder  is  transferred  to  the  left 
side  of  the  bar  to  enable  one  man  to  clamp  the  bar  without  stopping  the  tiring.  Thf 
friction-bar  was  omitted,  through  fear  that  it  might  become  rusted  in  its  seat  audgivt' 
trouble,  especially  as  the  lever  power  at  the  handle  was  very  slight  for  withdrawing  it 
This  was  probably  advisable,  though  by  slight  modifications  this  power  might  be  con- 
siderably increased.  The  tirst  device  required  the  oscillation  to  be  given  by  the  left 
band  at  the  end  of  the  elevating-bar,  the  right  being  at  the  crank.  The  eleva- 
tion once  given  remained  fixed  until  purposely  alt^jred.     In  the  second  the  elevation 
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ttlii  be  altered  by  the  raising  or  lowering  of  the  shoulders  over  which  the  stra]) 
i88ed.  Trial  with  the  first  one  confirmed  the  advisability  of  dispensing  with  the 
ction-bar,  and  with  the  second  demonstrated  the  iiselessness  of  the  yoke  and  the 
rap,  it  being  simply  impossible  to  oscillate  the  gun  while  turning.  The  crank  being 
I  the  right  side,  the  X)ower  applied  to  turn  it  carried  the  muzzle  of  the  gun  to  the 
;ht.  In  addition,  the  weight  on  the  shoulders  was  oppressive,  and  in  giving  great 
pression  to  the  muzzle  the  yoke  came  in  contact  with  the  crank-handle. 
The  ditliculties  in  working  were  somewhat  increased  by  the  sticking  of  the  Frank- 
rd  service  cartridges.  These  were  manufactured  in  January  of  this  year,  and  were 
lown  to  stick  even  in  the  Springfield  rifle.  Other  cartridges  caused  the  gun  to  work 
)re  satisfactorily,  but  the  trials  showed  conclusively  that  the  oscillation  must  b<' 
tomatic  or  not  at  all.  The  second  of  the  two  devices  with  yoke  and  straji  omitted, 
t  with  the  outer  end  of  the  elevating-bar  altered  so  as  to  form  a  handle,  is  believoii 
be  the  most  desirable.  This  gives  elevation  or  depression  alone,  but  by  unclamping 
9  turn-table  the  gun  may  be  quickly  pointed  and  again  clamped, 
[n  a  recent  conversation  with  Dr.  Gatling,  he  gave  it  as  his  opinion  that  the  oscilla- 
n  should  l>e  given  by  the  elevating-bar  alone,  no  better  means  having  been  sug- 
3ted,  but  admitted  that  it  would  require  the  entire  service  of  an  additional  man. 
en  then  it  is  impracticable,  owing  to  the  lack  of  unity  between  the  power  applie<l 
the  end  of  the  bar  and  the  crank-handle.  He  also  proposed  to  limit  the  oscillation 
a  device  similar  to  that  shown  on  the  margin,  attached  to  the 
Aly  and  which  may  be  readily  rotated  so  as  to  repeive  a  lug  on 
3  turn-table  between  the  screws  A,  A,  the  amplitude  of  the  os- 
latiou  being  regulated  by  the  space  between  the  screws,  or  be 
rued  down  on  the  trail,  allowing  the  piece  to  be  pointe4  in  any 
■eetion.  This,  it  will  be  seen,  is  a  partial  return  to  the  automatic 
•ill  a  tor. 

Sa  it  waa  thought  that  the  present  automatic  oscillator  should 
t  be  abandoned  until  something  better  of  the  same  nature  had 
en  devised,  I  suggested  its  combination  with  the  new  method 
giving  the  elevation.     This  was  done  by  the  addition  to  the 
ling-block  on  the  elevating-bar  of  a  swivel,  the  outer  end  of  which  terminated  in 
iylindrieal  piece  just  sufficient  to  fill  that  portion  of  the  oscillator  which  ordinarily 
selves  the  knob  of  the  elevating-screw,  and  by  the  omission  of  the  piece  now  swiv- 
el to  the  block  and  connected  rigidly  with  the  gun.     A  pin  through  the  oscillator 
d  cylindrical  part  of  the  swivel  prevented  the  latter  from  sliding  out  of  its  seat. 
'  this  means  the  automatic  oscillation  was  retained  with  all  the  desirable  filatures  of 
e  new  elevating  apparatus,  and  the  whole  was  found  to  work  fairly.     In  makir^  a 
w  oscillator  the  swivel  part  should  be  cast  solid  with  it  for  simplicity  and  cheapness. 
The  oscillating  motion  necessitates  the  trunnion-swivel  being  cast  se^jaratc  from  the- 
im-table,  and,  consequently,  admits  the  use  of  those  now  on  the  carnages. 
One  objection  to  the  chaugo  made  at  Hartford  is  that  it  requires  calling  in  the  guns 
order  that  the  piece  which  rej)laces  the  oscillator  may  be  permanently  fastentMl  tf> 
lem.    They  coujcl  not  then  be  used  on  the  present  carriages. 

As  modified  here,  a  part  of  the  oscillator  not  in  contact  with  the  gnn  was  slightly 
tianged,  but  as  the  oscillator  is  classed  as  a  part  of,  and  is  issued  with  the  carriage, 
le  whole  would  be  together,  and  the  gun  could  be  mounted  on  either  carriage,  old  or 
ew. 

The  present  tripod  system,  though  heavier  and  more  expensive  than  the  one  pro- 
ofed, gives  elevation,  depression,  and  oscillation  without  moving  the  legs  of  the 
ripwl. 

If  the  same  system  were  adapted  to  the  carriage,  the  piece  could  be  quickly  pointed 
ithout  moving  the  trail,  and  the  elevation  could  be  given  as  rapidly  as  with  the  new 
f?ice. 

I  wo  lid  respectfully  suggest  that  Dr.  Gatling  be  invited  to  visit  this  armory  and 
itness  the  working  of  the  parts  as  modified  here. 
Very  respectiully,  your  obedient  servant, 

JOHN  E.  GREER, 
Captain  of  Ordnance,  U.  S.  A, 

The  Commanding  Officer, 

National  Armory. 

[Tndorsement.J 

Ordnance  Office,  War  Departmext, 

Washingtony  September  1,  1879. 

ie«pectfully  referred  to  the  Ordnance  Board  U.  S.  A.,  for  trial  and  report,  and  with 
ections  to  communicate  with  the  Gatling  Gun  Company  as  to  time. 

8.  C.  LYFORD, 
Acting  Chief  of  Ordnance, 
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APPENDIX  I'^ 
REPORT  ON  MULTIBALL  CARTRIDGES  FOR  GATLING  GUN. 


(Thirteen  plates.) 

Hartford,  Conn.,  September  14, 1878. 

IB;  We  have  the  honor  to  request  a  trial  of  Wright's  multiball  car- 
^'68  in  the  Gatling  gun,  the  accounts  we  receive  indicating  them 
a<laptecl  for  use  in  a  Gatling  gun  on  special  occasions, 
e  have  the  honor  to  be,  with  great  respect,  your  obedient  servants, 

Gatling  Gun  Co>rPANY, 
By  EDGAR  T.  WELLES, 

Treasurer, 
m.  S.  V.  Ben6t, 
Chief  of  Ordnancey  U.  8.  A.,  Washington^  D.  C. 

[Firat  indorsement.] 

Ordnance  Office,  September  16,  1878. 

*spectfully  referred  to  the  Ordnance  Board.  Ten  thousand  of  these 
idge.s  have  been  ordered  to  be  made  at  the  Frankford  Arsenal  and 
d  to  Lieutenant  Starring.  When  received  please  make  such  trials 
them  as  will  test  their  suitability  for  use  in  this  gun,  and  communi* 
with  the  writer. 

S.  C.  LYFORD, 
Acting  Chief  of  Ordnance. 

[Second  indorsement.] 

The  Ordnance  Board, 
Neic  York  City,  October  15,  1878. 

'spectfully  returned  to  the  Chief  of  Ordnance,  with  record  of  firings 
e  at  Sandy  Hook,  October  3  and  4,  with  the  multiball  cartridges, 
target  records  of  same.     (See  Plates  I,  II,  III,  IV',  and  V.)    Du- 
,tes  have  been  furnished  Mr.  Welles. 

S.  CEISPIN, 
Bvt.  Col.  U.  S.  A.J  Lt.  Col.  of  Ord.j  President  of  the  Board. 

i  of  firing  with  lO-barrel  Gatling  gun,  caliber  0".45,  at  Sandy  Hook,  New  Yokr  Har- 
bor, from  October  8  to  October  4,  1878. 


Date. 


Oct,     3, 1878 


Oct.     4, 1878 


Oct.     4, 1878 


Oct. 
Oct. 


4, 1878 
4,1878 


Ammunition. 

Remarks. 

Wright's  multiball 
charce,  45  gruius ; 
bullets    in    e4»ch 
weight,  133  grains 

do 

cnrtridges ; 
thr«»'  round 
cartridge ; 
each. 

Target  Xo.  1 : 
Fii-ed  at  100-vartl  target  (COO  fired  at  center  ot 
target,  OOO' tinMl  eight  feet  to  left,  400  fired 
thiiteen  fetjt  to  left,  and  400  fired  eight  feet 
to  right  of  center  of  target) ;  hits,  4.361. 
Target  No.  2 : 
Fired  at  200yard  target  (1,000  fired  three  feet 
to  right  of  center,  and  1,000  fired  six  feet  to 
left  of  center  of  target) ;   hits,  3,595. 
Target  No.  3: 
Fired  at  2r)0-vard  target  (1,000  fired  five  feet  to 
right  of  ceiiter,  and  1.000  flrwl  five  feet  to  left 
of  center  of  target) ;  hits,  2,382. 
Turgi'tNo.  4: 
Fired  at  300-vard  target ;  hits,  1.671. 

Target  Ko.  5: 
Fired  at  200-yard  target ;  hits,  2,6.')0. 

do 

do 

do 

)TF,  — Two  cartridges  faiknl  to  <'xploile;  one  due  to  four  balls  and  no  powder,  and  the  other  no 
iruugh  cup. 
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[Third  indorsciueDt.] 

Ordnance  Office,  October  17,  ISTS. 

Res  poet  fully  referred  to  the  comnianding  officer  Fraukford  Arsenal 
fur  the  information  of  Capt<iin  Wright. 

S.  C.  LYFOTID, 
Acting  Chief  of  Ordmincf. 

[Fourth  indorsement.] 

Frankford  Arsenal,  Pa., 

October  18,  187S. 

Respectfully  refeiTed  to  Capt.  E.  M.  Wright  for  his  information. 

J.  M.  WHITTEMORE, 
Major  of  Ordnance^  Commanding. 

[Fifth  indorsement.] 

Frankford  Arsenal,  Pa., 

October  25, 1878. 

Respectfully  teturned  to  the  commanding  officer  Frankford  Arsenal. 

The  targets  obtaine<l  at  Sandy  ITook  were  not  as  goml  as  they  should 
have  been.  Experiments  conducted  since  the  trial  there  show  that  al- 
most any  result  can  be  obtained  by  varying  the  kind  of  i>ow(ier  or  the 
amount  of  charge  used. 

In  my  original  experiments  I  used  the  servic^e  Hazard  powder,  jri^ng 
a  vekxnty  of  1,320  feet.  At  Sandy  Hook  the  powder  was  Uupont's  ser 
vice  of  1,300  feet,  and  scattered  tlie  bullets  too  much. 

I  inclose  herewith  thiH^e  tiirgets  at  100,  200,  and  300  yards  (see  Plat^ 
V^I),  which  are  from  25  to  100  i)er  cent,  better  than  the  corresi>omlinir 
ones  made  at  Sandy  Hook,  and  would  respectfully  request  a  fiirtlier 
trial  with  such  number  as  the  department  may  deem  proper. 

E.  M.  WRIGHT, 

Captain  of  Ordnance. 

[  Sixth  indorsement.  ] 

Frankford  Arsenal,  Pa., 

October  26, 1878. 

Respectfully  returned  to  the  Chief  of  Ordnance,  United  States  Army. 
I  see  no  reason  why  the  results  obtained  by  Captain  Wright,  and  re 
ferred  to  iii  the  preceding  indorsement,  canuot  be  reproduced  at  any 
time  if  desired. 

J.  M.  WHITTEMORE, 
Major  of  Ordnonce^  Commanding. 

[Seventh  indorsement.] 


«:^» 


Ordnance  Office,  October  28, 187 

Respectfully  returned  to  the  Ordnance  Board. 
By  order  of  the  Chief  of  Ordnance. 

S.  C.  LYFORD, 
Major  of  Ordnance^ 
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[Eigbtli  indorseu^nt.  ] 

The  Ordnance  Board,  October  29,  1878. 

Respectfully  returned  to  the  Chief  of  Ordnance,  recommending:  that 
plain  Wright  be  allowed  the  additional  trial  desired,  and  that  the 
nmanding  officer  Frankford  Arsenal  be  instructed  to  make  and  send 
Sandy  Hook,  for  this  trial,  10,000  cartridges. 

S.  CRISPIN, 
Brt  Col,  U.  8,  A,y  Lt.  Col.  of  Ordnance^  President  of  the  Board. 

[Ninth  indorBenieut. ] 

Ordnance  Office,  October  31, 1878. 

Resi>ectlully  referred  to  commanding  officer  Frankford  Arsenal,  who 
11  make  10,000  rounds  and  send  them  to  Sandy  Hook,  this  paper  to 
forwarded  to  the  Ortlnance  Board. 

In  the  next  trial  the  Board  will  determine  the  maximum  distance  at 
lieh  a  ball,  of  the  midtiball  cartridge,  will  be  effective,  and  the  per- 
ntage  of  balls  in  the  target  at  the  maximum  distance. 

S.  V.  BEXI5T, 
BrUj.  Gcn.y  Chief  of  Ordnance. 

[Tenth  indorsement.  J 

Frankford  Arsenal,  Pa.,  Xovember  25, 1878. 

Respectfullj-  forwarded  to  the  Ordnance  Board.  Ten  thousand  multi- 
11  cartridges,  cal.  .45,  Wright's,  w  ill  be  shipjied  by  rail  to  Lieut.  W.  S. 
arring,  Sandv  Hook,  X.  J.,  to-morrow. 

JAS.  M.  WUITTEMORE, 
Major  of  Ordnance^  Commanding. 

[Eleventh  indorsement.] 

The  Ordnance  Board  U.  S.  A., 

Netv  York,  December  30,  1878. 

Respectfully  returned  to  the  Chief  of  Ordnance  U.  S.  A.,  together 
lib  record  of  firings  and  target  plottings  made  at  Sandy  Hook  Novem- 
T  29  and  30.  (See  Plates  VII,  VIII,  IX,  X,  XI,  XII,  and  XIII.) 
lie  record  shows  that  up  to  and  including  300  yards  the  destructive 
iect  is  very  great,  and  exceeds  that  obtained  with  canister,  and  is 
lore  than  one-half  greater  than  that  obtained  in  any  mitrailleurs  using 
le  ordinary  ammunition.  Three  hundred  yards  the  board  considers 
lie  maximum  effective  distance  for  the  multiball  cartridge,  at  which 
in^^e  tliere  were  1,083  hits  for  the  1,000  rounds  tired,  or  50 1^^^  per  cent. 
f  lilts  for  the  3,000  balls  thrown.  Of  the  1,083  hits,  only  50  per  cent. 
f  the  balls  went  through  the  target. 

S.  ClilSPIX, 
Brt.  Col.  U.  S.  A.,  Lt.  Col.  of  Ordnance,  Premlcnt  of  the  Board. 
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APPENDIX  K. 

T  OF  THE  PRINCIPAL  OPERATIONS  AT  ROCK  ISLAND  ARSENAL 
NG  THE  FISCAL  YEAR  ENDED  JUNE  30,  1879;  MAJOR  D.  W.  FLAG- 
ORDNANCE  DEPARTMENT,  COMMANDING. 

(Nine  plates.) 

SHOP  G. 

An  iron  working  and  finishing  shop  for  the  arsenal. 

ng  the  fiscal  year  the  basement  story  of  this  shop  has  been  built 
B  first  story  above  the  basement  has  been  nearly  completed.  The 
ams  for  one-half  of  the  first  floor  have  been  purchased,  and  all 
►n  for  the  floor  fitted  and  put  in  position.  All  the  iron  bases 
5  first  floor  and  iron  columns  for  the  first  story  have  been  made 
ted  in  the  arsenal  shops,  and  all  the  iron  beams  for  the  second 
ive  been  piu*chased  and  are  now  being  fitted.  About  one-sixth 
jtone  required  for  the  second  story  has  been  purchased,  and  nearly 
he  expensive  entablature  for  the  third  story  has  been  purchased 
now  being  cut. 

>f  the  lumber  required  for  the  building  (except  the  floors)  has  been 
sed  and  stacked  for  seasoning,  and  about  one-half  of  the  doors, 
aines,  window-sash,  and  window-frames,  have  been  made  in  the 
[  shops.  All  of  this  work  has  progressed  satisfactorily,  except  thjit 
and  vexatious  delays  have  occurred  in  procuring  from  the  Oraf- 
arry  Company  sufficient  quantities  of  stone  when  required. 

SHOP  1. 

A  wood- working  and  leather-working  shop  for  the  arsenal. 

• 

shop  was  begun  diuring  the  year.    It  is  the  last  shop  to  be  built 

included  in  tlie  plans  for  the  arsenal.    Excavations  for  the  build - 

1  for  foundations  were  begun  in  July,  1878.    The  difficulties  met 

luing  suitable  foundations  for  shops  F  and  G,  and  which  have 

escribed  in  previous  annual  reports,  were  again  encountered  in 

ing  foundations  for  this  shop.    Nearly  all  the  foundations  are 

n  the  peculiar,  tough,  indurated  cla^'  which  has  be^n  described  in 

IS  reports.    The  examinations  and  trials  of  this  clay  gave  rather 

results  than  in  the  case  of  shops  F  and  G,  and  the  foundations  are 

etory. 

depth  of  t^e  excavations  for  foundations  below  the  floor  of  the 

jnt  averaged  about  13  feet,  and  extended,  in  all  cases,  3  feet  in 

i  of  clay  described. 

bed  of  clay  was  fully  examined  to  determine  whether  it  was  good 

liform  throughout,  by  drilling  holes  through  it  to  the  rock  below 

rvals  of  about  30  feet. 

average  depth  to  the  rock  below  was  about  20  feet,  and  about  30 

)m  the  level  of  the  basement. 

foundations  were  made  from  11  to  12  feet  wide  at  the  bottom ;  the 

tion  in  the  clay,  3  feet  deep  and  about  11  i  feet  wide,  being  wholly 
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filled  with  carefully-ramnied  concrete.  From  the  top  of  this  the  foandk 
tion  walls  are  built  of  rubble  aud  ceineiit-inortar,  battered  on  both  side^s 
till  they  are  5  feet  wide  at  the  level  of  the  basement  iioor.^  At  this 
point  the  footing  stones,  4J  feet  wide,  were  hiid,  and  on  these  were  laid 
the  main  walls  of  the  building. 


Surface  of  ground. 


Basement  floor. 


I 
I 
I 

I 

I 

I 


Concrete, 


i ,/^i ^ 

The  unfilled  part  of  the  excavation  between  the  rubble  walls  and  tk 
bank  was  then  filled  with  the  clay  that  had  been  excavated,  which  ms 
well  rammed  to  protect  the  walls  from  water.  The  bed  of  clay  is  itl^elf 
impervious  to  water,  and  the  excavation  in  it  being  filled  with  rammeil 
concrete,  the  bottom  of  the  foundation  is  thoroughly  protected  from  tlie 
action  of  water.  The  foundations  for  the  70  fioor-piers  are  of  the  sauw- 
character,  and  were  built  in  the  same  way.  They  are  generally  W\  feel 
square  at  the  bottom. 

The  total  amount  of  masonry  in  the  foundations  (below  the  basement 
floor)  in  this  building  is  5,574  cubic  yards,  about  80  per  cent,  of  the 
amount  in  the  walls  above  ground.  The  foundations  are  all  laid  in 
cement-moitar,  and  cost  $2.33  per  yard.  The  stone  was  dug  from  the 
piles  of  earth  and  rock  taken  out  of  the  water-power  canal  some  yeai-s 
ago.  It  was  ferried  across  the  water-power  pool,  and  hauled  to  the  build 
ing  in  wagons  at  a  cost  of  ^^  cents  ])er  yard,  about  22  cents  per  ton. 

IJerricks  and  new  mechanical  devices  were  emi)loyed  to  lessen  the  cost 
of  putting  in  the  foundations,  and  the  cost  of  the  work  is  exceedhi^ly 
low. 

Plate  I  shows  all  the  excavations  and  foundations  as  constructeil 
and  positions  and  depth  of  some  of  the  borings  made  to  examine  strat«i 
below  the  foundations. 

The  stone  required  for  the  walls  of  this  building  is  brought  fn>in 
Anamosa,  Iowa,  and  is  furnished  by  Mr.  J.  A.  Green  under  contract 
This  stone  has  already  been  used  in  the  construction  of  one  set  of  quar 
ters,  and  the  Post  building,  on  Main  avenue ;  but  was  not  adopted  for 
this  shop  until  after  very  careful  tests  had  been  made,  and  trials,  ex- 
tending through  several  years,  to  determine  its  durability  when  expose*! 
to  water,  frost,  and  the  weather. 

It  coiiuddes  closely  in  appearance  with  the  stone  used  in  the  other 
shoi)s,  is  believed  to  be  more  durable,  and,  although  less  handsome  when 
new,  the  thick  ledges  used  give  a  more  massive  ai>pearance  to  the  walls; 
and,  as  the  stone  grows  brighter  w  ith  exposure  and  age,  it  is  believed 
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lat  it  will  make  as  handsome  a  buildiug  as  any  of  the  others.  The 
rice  paid  is  a  low  one,  and  the  stone  can  be  cut  cheaper  than  the  Joliiet 
one  used  in  the  other  shops. 

The  stone  has  been  furnished  promptly  and  satisfactorily,  and  work 
11  the  building  has  progressed  rapidly  as  far  as  the  limited  ai^propria- 
ion  would  i>ermit. 

Besides  the  completion  of  the  excavations  and  foundations,  the  base- 
lent  story  has  been  built  entire ;  the  iron  beams  for  the  first  floor  pur- 
hased,  fitted,  and  put  in  place ;  the  cast-iron  bases  for  the  first  floor 
ast,  fitted,  and  put  in,  and  about  one-half  the  stone  for  the  first  story 
ia«  been  purchased,  cut,  and  prepared  for  setting.  The  cost  of  the  por- 
ion  of  this  building  completed  at  the  present  time  has  been  about  one- 
lalf  the  cost  of  the  same  amount  of  work  on  other  buildings  seven 
fears  ago. 

SHOP  H. 

An  iron-foundery  shop  for  the  armory. 

This  shop  was  also  begun  during  the  year.  It  is  the  last  shop  but 
)ne  (K  not  begun)  included  in  the  plans  for  the  armorj\  Excavations 
Tor  the  building  and  the  foundations  were  commenced  in  August,  1878. 
The  excavations  for  the  building  have  been  completed,  and  the  excava- 
tions for  foundations  of  about  two-thirds  of  the  walls  completed  and 
the  foundations  put  in. 

Plate  II  shows  this  work  fully.  The  character  of  the  strata  exca- 
vated, the^ foundations  obtained,' and  method  of  constructing  them  are 
iboiit  tht^  same  for  nearly  all  of  the  buildings  as  in  shop  I,  just  described, 
iiid  further  description  of  them  is  unnecessary. 

In  the  plat  of  the  building,  the  full  black  line  shows  the  foundations 
bat  have  been  put  in  j  the  dotted  line  shows  the  parts  that  have  not 
>een  put  in. 

A  special  description  is  required  of  the  difficulties  encountered  in 
etting  suitable  foundations  in  the  part  marked  b  c  on  the  plat. 

There  was  a  i>ocket  in  the  rock  at  this  point,  similar  to  those  found 
nder  shops  D  and  G,  described  in  annual  reports  for  the  fiscal  years 
ading  June  30, 1872  and  1878.  This  new  pocket  was  deei)er  and  the 
ifficulties  which  had  to  be  overcome  in  getting  secure  foundations  were 
lore  serious  than  in  any  previous  case.  Tliis  pocket,  and  the  form 
rid  dimensions  of  the  excavation,  in  the  direction  of  the  walls  of  the 
uilding,  are  shown  at  6  c  on  the  geological  chart.  Special  drawings 
D  a  larger  scale.  Figures  2  and  3,  show  more  fully  the  form  of  the  ex- 
ivation  and  the  masonry'  put  in. 

The  total  dei)th  of  the  excavation  below  the  basement  floor  was  02 
jet,  making  the  total  depth  from  the  surface  of  the  ground  07  feet. 

The  strata  j^assed  through  were  generally  a  soft,  unstable  mixture  of 
lay  and  various  earths,  alternating  with  loose  masses  of  rock,  and  in 
3nie  places  i)oints  of  i)Oor,  solid  rock  projected  into  the  excavation, 
hese  last  had  to  be  removed  even  when  sound,  to  permit  putting  in 
Bcure  sheathing,  and  also  to  permit  hoisting  out  the  materials  exca- 
ated  below.  This  could  be  accomplished  only  by  drilling  and  wedging, 
s  blasts  could  not  be  used  without  destroying  the  sheathing.  The  same 
leans  had  to  be  employed  in  breaking  up  the  loose  masses  of  rock  into 
•agments  that  could  be  hoisted  out. 

A  great  difficulty  was  to  construct  sheathing  of  sufficient  strength  to 
jsist  the  pressure  of  the  loose,  sliding  masses  of  rock  that  were  passed 
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ill  going  down.    It  would  occur  that  where  this  pressure  was  greatest 
there  would  be  little  or  nothing  in  the  opjiosite  bank  to  resist  it. 

The  ooze  or  wash  of  the  soft  clay  through  the  sheathing  sometimes 
left  vacant  places  behind  the  sheathing  till  caving  in  tilled  them  up. 

After  passing  below  the  water-level  of  the  riv^er,  the  inflow  of  water, 
which  seems  to  make  its  way  through  passages  in  the  rock,  was  very 
great.  Steam -pumps  were  used,  but  only  small  pumps  could  be  accom 
modated  because  of  the  small  spaces  among  the  sheathing  timbers  aud 
the  necessity  for  shifting  and  lowering  them,  and  refitting  pipe^  fre 
quently. 

The  sand  pumped  through  them  cut  the  cylinders  and  destroyed  the 
packing  so  quickly  that  the  latter  required  renewing  generally  every 
day.  From  one  to  three  small  steam-pumps  were  employed,  and  one  or 
two  kept  at  work  constantly,  discharging  generally  about  180  gallons 
per  minute. 

The  men  that  were  digging  had  generally  to  stand  in  from  one  to  two 
feet  of  water.  The  materials  were  hoisted  out  by  steam-power.  Good 
sound  rock  foundation  was  finally  obtained. 

The  masonry  put  in  is  partially  shown  in  Figures  2  and  3.  It  was, 
generally,  alternate  layers  of  concrete  and  good  Joliet  iiibble-stoue  lua 
sonry,  tied  together  in  places  with  large  footing  stones.  The  masonry 
was  further  supported  in  places  by  arches  butting  into  solid  rock  at  the 
sides. 

Seven  weeks  were  consumed  in  excavating  and  filling  this  iK>eket, 
and  402  cubic  yards  of  masonry  were  used.  The  i)umps  were  used 
while  putting  in  the  masonry,  yet  miicli  of  the  concrete  had  to  be  laid 
in  water.  Gangs  of  men  were  employed  at  night  and  out  of  working 
hours  a  portion  of  the  time.  Much  ci*edit  is  due  to  Mr.  W.  A.  P.  Totteii, 
foreman  of  laborers,  who  had  charge  of  the  excavation  and  she^ithiiig, 
and  to  Mr.  Robert  ^IcFarlane,  who  put  in  the  masonry,  for  the  abilit}, 
good  sense,  and  devotion  to  the  work  displayed  by  them. 

A  total  of  4,047  cubic  yards  of  masonry  was  put  into  the  foundations 
of  this  shop,  and  about  one-third  of  the  foundations  and  all  the  piers 
have  yet  to  be  put  in. 

The  other  work  done  on  this  building  has  been  the  purchase  of  alwut 
one-half  the  stone  re(iuired  for  the  basement  story.  This  stone  has  heen 
cut  and  about  one-half  of  it  set  in  the  walls  of  the  west  wing.  A  con 
tract  for  the  stone  was  made  with  Mr.  Edwin  Walker,  of  L^mont,  111. 
The  stone  in  Mr.  Walker's  quarries  is  ])recisely  the  same  a«  the  Joliet 
stone  used  in  the  other  shops.  Mr.  Walker's  shipments  of  stone  were 
very  dilatory  and  unsatisfactory  till  in  May,  1879,  when  he  commenced 
procuring  his  stone  from  Messrs.  Sanger  &  Moody's  quarries,  at  Joliet, 
111.  The  latter  parties  have  shipi>ed  the  stone  promptly,  of  excellent 
quality,  and  in  quantities  as  required.  The  Chief  of  Ordnance  has  now, 
by  authority  of  the  Secretaiy  of  War,  direct^ed  that  Mr.  Walker's  con 
tract  be  annulled,  and  that  a  new  contract  be  made  for  the  ensuing  year 
with  Messrs.  Sanger  &  Moody. 

MACHINERY  AND   SHOP  FIXTURES. 

The  principal  work  done  under  this  head  during  the  year  has  been— 
1st.  The  completion  of  the  machinery  and  fixtures  in  shop  F  (the 

armory  rolling-mill),  as  per  special  authority  of  the  Chief  of  Ordnance, 

dated  February  25,  1878. 
2d.  The  completion  and  erection  of  the  experimental  and  temporary 

line  of  wire-rope  transmission  of  power  to  a  portion  of  the  arsenal  shops, 
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>r  use  pending  the  constniction  of  the  rest  of  the  shops,  and  the  com- 
letion  and  putting  in  of  water-}vheels,  pen-stocks,  and  machinery  at 
tie  water-power  dam. 

3(1.  The  main  lines  of  shafting  for  the  first  and  second  stories  of  shop 
L,  hav^e  been  manufactured  and  put  up — four  lines  of  300  feet  each. 

Most  of  the- machinery  and  fixtures  for  the  rolling-mill  had  been  pur- 
hased  and  manufactured  during  the  preceding  year,  but  as  very  little 
»f  it  had  been  put  in,  no  report  upon  the  same  was  made  in  my  last 
annual  report.  These  fixtures  and  their  machinery  are  shown  on  Plate 
[II,  transmitted  herewith. 

The  boilers  are  divided  into  two  batteries  of  two  boilers  each,  and 
the  details  of  the  plant  are  shown  on  Plates  V,  VI,  VII,  IX. 

The  boiler  fronts  and  all  the  fittings  and  fixtures  were  manufactured 
in  the  arsenal  shops.  The  four  boilers  are  each  18  feet  long  and  44 
inches  interior  diameter,  with  22  4-inch  diameter  tubes.  They  are  made 
of  J-inch  U.  S.  iron.  The  iron  was  manufactured  in  Pittsburgh,  Pa., 
but  was  purchased,  inspected,  and  tested,  and  the  boilers  macle  here. 
They  are  calculated  to  have  sufficient  steam  capacity,  at  80  pounds  press- 
ure, to  furnish  steam  for  250  horses  power,  in  first-class  engines,  catting 
off  at  I  stroke,  and  the  plant  and  all  its  fittings  are  the  very  best  that 
could  be  built.  ,  The  engine  is  a  single  horizontal  non-condensing  engine, 
with  the  Bartlett  automatic  cut-ofi",  made  by  the  Putnam  Machine 
Company,  at  Fitchburg,  Mass.,  and  has  200  horses  power,  with  80  pounds 
pressure,  cutting  off  at  ^  stroke.     (See  Plate  IV.) 

Tlie  countershaft  c,  on  Plates  III  and  IV,  is  a  ])art  of  the  main  line  of 
armory  shafting,  which  is  to  be  driven  eventually  by  the  w^ater-power. 
(See  main  line  M'  R'  on  Plate  I,  accompanying  my  special  report  on  ma- 
chinery for  water-power  and  transmission,  sent  to  the  Chief  of  Ordnance 
April  8,  1874.)  This  arrangement  is  to  permit  the  use  of  the  engine  to 
aid  the  water-power  or  to  permit  the  use  of  the  engine  to  run  any  of  the 
armory  shops  alone  when  the  water-power  may  not  be  in  use.  The 
engine  should  furnish  alone  sufficient  i)ower  for  the  manufacture  of  about 
500  muskets  per  day. 

The  train  of  rolls  is  a  14-inch,  two  high  train  adapted  to  the  man- 
ufacture of  ordinary  forms  of  bar-iron  required  for  ordnance  i)urposes 
from  the  wrought  scrap  that  may  accumulate  at  the  arsenal  from  time 
o  time. 

The  furnace  (marked  /on  Plate  III)  is  of  special  pattern,  and  is  ar- 
anged  to  bum  its  smoke.    It  is  driven  by  a  fan  located  at  g. 

The  5,000  pounds  steam-hammer,  located  at  /<,  is  adapted  for  "shing- 
ng,"  and  making  hammered  blooms,  in  connection  with  the  mill,  for 
he  manufacture  of  special  high  grades  of  iron,  from  scrap,  for  ordnance 
uri)Ose8.  It  is  also  adapted,  in  connection  with  the  furnace,  to  the 
lanufacture  of  any  heavy  forgings  that  the  probable  future  wants  of 
he  government  may  ever  recpiire  at  this  place,  and  especially  to  the 
laiiufacture  firom  scrap  of  the  large  quantities  of  heavy  an^  expensive 
hafting  required  for  the  shops  and  transmission  of  power,  some  of  which 
re  9  inches  diameter. 

The  shear  is  marked  Jc  on  Plate  III.  It  is  a  second-hand  alligator 
hear,  procured  at  about  the  price  of  old  scrap,  and  is  specially  adapted 
3  cutting  up  scrap  and  bar  for  piling  for  the  mill,  but  has  sufficient  power 
>r  cutting  guncaniage  axles  and  any  heavy  job  work  that  future  oper- 
tions  of  the  arsenal  may  require. 

The  saw,  marked  m,  on  Plate  III,  is  for  cutting  large  bar  hot.  It  was 
Qade  at  the  arsenal. 

The  mill  has  been  run  about  four  weeks,  during  which  time  6,000  feet 
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of  T  rail,  25  pounds  per  yard,  were  made  from  miscellaneous  scrap  for 
immediate  use  for  derrick  and  tram-tracks  in  the  construction  of  the 
shops,  and  is  adapted  for  permanent  tram-tracks  requii-ed  in  and  alH>iit 
the  shops  in  the  future;  11,(MH)  i)ounds  of  ordinary  round  bar,  reiiinrwl 
for  general  use  in  connection  with  building  operations,  and  12,(KK)  pounds 
of  round  bar,  miscellaneous  sizes,  of  a  high  grade  of  hamniei*ed  hloom 
iron  from  selected  gun-carriage  and  old  horseshoe  scraj),  for  the  roof 
frame  of  shop  G.  The  tests  of  this  latter  iron  were  very  satisfactorv. 
and  show  a  better  quality  for  the  purpose  required  tl^aii  any  the  govern 
ment  has  been  able  to  purchase  for  the  same  purpose.  The  results  of 
the  tests  for  permanent  set  and  elasticity  of  one  aver»ge  bar  are  piven 
below : 


Samplk  No.  4. 

From  horseshoe-hloomj  hammeredy  cooled^  reheated^  and  rolled  direct  to  l-imh  round. 

[Tested  for  permnnont  net,  extensions,  and  reHtorations.    Diameter  of  sample,  0.798  inch.    Kt>adiiij(bf 
fore  Htrain,  0.0211  inch.     Lengtli  between  shoulders,  10  inches.     Area,  0.498  inch.] 


L 

imd,  pounds. 

Readinc,  un- 

RentUnc;, strain 

Extension, 

Restoration, 

Load,  jx^r 
square  inch. 

S>tr.-t^]i.  per 

der  strain. 

removed. 

per  inch. 

per  inch. 

ixicL 

5,000 

0. 0242 

0.  0211 

0.00031 

Complete . . . 

10,000 

1         0.00000 

0,000 
7.000 
8,000 
9,000 

0.  0256 
0.  0261 
0.  0272 
0.  0282 

0.  00J45 
0.  (H)050 
0.  00061 
0.00071 

12,  (H)0 
14,<X>0 
16,000 
18,  000 

COtlMbO 

'        0.  mm 

U.U0000 

0.0(XM> 

10,000 
11,000 
11,500 

0.  0292 
0. 0302 
0.  0307 

0.  00081 
0.  00091 
0.  00096 

20,  000 
22,000 

*2;t,  000 

O.MKX* 

o.uum 

0.0213 

0.00094 

0.  (ma 

12,  000 

0.  0312 

0.  0215 

0.00101 

0.  00097 

24.000 

1        o.ounw 

12,  r>oo 

0.0317 

0.  0217 

0.00106 

0.00100 

25,000 

U.OiKlOfl 

18,  000 

0.  0322 

0.0219 

0.00111 

0.  00103 

26,000 

o.oowi? 

13,500 

0.0327 

0. 0221 

0.00116 

0.  00106 

27.  000 

Q.m\o 

14,000 

0.  0332 

0.  0222 

0.  00121 

0.  00110 

28,000 

'            0.  Uilvll 

14,500 

0.  0337 

0.  0223 

0.  00126 

0.00114 

29.000 

'        0. 00012 

15,000 

0.  o:i4i 

0.  0224 

0.  00130 

0.00117 

30.  OOO 

'       0.  mu 

1.'),  .^>00 

0.  0345 

0.  0225 

0.  00134 

0.  00120 

31.000 

1           0.  tMWH 

16,000 

0.  0349 

0.  0225 

0.  01H38 

0.  00124 

32,000 

0.  mu 

16,  500 

0.  0353 

0.  0226 

0.  00142 

0.  00127 

.      33,000 

0.  mv> 

17,  (K)0 

0.0358 

0.  0226 

0.  00147 

0.001.32 

34,000 

0.  otwis 

17,500 

0.  0363 

0.  0227 

0.00152 

0.  00136 

35,  WK) 

1       0.  m]i 

18,000 

0.0405 

0.  0285 

0.  00194 

0.  00120 

*36,  000 

0.00)74 

19,  000 

0.140 

0.128 

0.011S9 

0.  00120 

38,000 

0.  OKW 

20,000 

0.288 

0.  2.56 

0.  02(569 

0. 00320 

40,000 

O.U2349 

21,  000 

0.368 

0.350 

0.  03469 

0.  00130 

42,000 

0.afl39 

26,  800 

0. 1875 

53,  600 

0. 18750 

i 

•Broke.    Diameter  of  fracture,  0.73  inch. 

Notes.— The  readings  show  that  the  restoration  was  not  quite  per 
feet  between  23,000  pounds  and  30,000  pounds  per  square  inch.  I  fiujl 
it  not  possible  to  avoid  slight  errors  in  using  the  gauge,  and  the  priuci 
pal  source  of  error  is  a  slight  abrasion  of  the  iron  of  the  sample  hy  re 
peated  rubbing  pressures  of  the  steel  gauge.  This  is  so  slight  as  to  be 
an  unimportant  error  in  the  extensions,  but  may  be  sufficient  to  sbow 
an  imperfect  restoration  and  a  slight  permanent  set,  when  the  restora 
tion  was  perfect  and  no  permanent  set  occurred. 

In  this  c^se  stretch  indicated  at  23,000  pounds  was  only  loifoiro  of  a" 
inch  in  one  inch  of  length,  and  at  30,000  had  only  increased  to  yoio^^' 
Even  if  this  or  a  portion  of  it  is  not  due  to  the  abrasion  mentioiie<l. 
the  stretch  is  so  slight  as  to  show  that  no  injury  w^as  done  to  the  iron 
until  appreciable  permanent  set  occurred  at  30,000  pounds,  and  shows 
an  iron  of  very  remarkable  elasticity. 

The  record  also  shows  a  remarkable  uniformity  in  the  increase  of  tin* 
extensions  and  restorations  as  the  load  was  increased.    From  7,000  to 
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,000  pounds  (on  the  sample)  the  increase  of  extension  is  exactly  nrVixf 
r  every  increase  of  1,000  pounds  of  loail.  From  11,000  to  15,000 
mnds  it  is  exactly  toItoo  f<>i*  every  increa.se  of  500  pounds.  After  that 
le  increase  is  less,  but  perfectly  regular,  till  the  sample  be^an  to  stretch 
lid  give  way  at  18,000  pounds  (about  30,000  pounils  per  square  inch), 
he  restorations  and  slight  indicated  stretch  are  quit«  as  uniform. 
A  sample  from  this  same  bar  was  heated  by  a  smith,  bent  back  on 
:self  and  welded,  then  chilled  suddenly  in  cold  water,  and  the  welded 
►ar  1  inch  square  was  then  bent  double,  cold,  and  hammered  flat  without 
racking. 

The  water-wheels  and  water-power  machinery  put  in  and  the  tem- 
>orary  line  of  >*ire-rope  transmission  put  up,  were  made  exactly  in 
iccordance  with  the  plans  and  drawings  sent  to  the  Chief  of  Ordnance 
^pril  8, 1874,  with  the  special  report  on  machinerj^  for  the  water-power 
»ud  transmission.  As  the  experience  gained  in  the  use  of  this  line 
should  be  included  in  a  revision  of  the  abov^e  report,  to  be  made  here- 
after, no  report  of  it  is  made  here. 

Four  water-wheels  with  all  the  necessarj^  appointments,  pen-stocks, 
houses,  and  machinery  were  put  in,  and  the  water-wheels  and  machinery 
and  tlie  whole  line  of  transmission  were  manufactured  in  the  arsenal 
shops. 

The  four  wheels  furnish  about  250  horses  power.  The  work  was  com- 
pleted and  the  line  of  transmission  attached  to  arsenal  shops  C  and  E, 
February  1,  1879.  Since  that  date  the  shops  have  been  driven  contin- 
uonsly  by  the  water-power,  except  during  one  week  in  April,  when  the 
iirire  ropes  were  shortened  and  re-spliced  to  take  out  their  first  stretch. 

Both  the  water-power  and  the  transmission  have  been  satisfactory  in 
all  respects,  and  have  furnished  abundant  and  excellent  power. 

The  four  main  lines  of  shafting  put  in  shop  A  are  each  300  feet  long, 
and  are  all  cold-rolled  iron.  Two  of  these  are  in  the  first  story  and  are 
3  inches  in  diameter,  and  two  are  in  the  second  storv  and  are  2h  inches 
in  diameter.  These  were  finished  and  fitted  in  the  arsenal  shops,  and 
all  the  hangers,  boxes,  couplings,  and  other  fixtures  were  made  in  the 
arsenal  shops.  The  patterns  of  these  fixtures  are  the  same  as  those  in 
sliopC,  drawings  of  which  were  sent  to  the  Chief  of  Ordnance  with  my 
annual  report  for  the  fiscal  year  ending  June  30,  1874,  except  that  the 
boxes  have  been  altered  to  make  them  self-oiling,  and  arrangements 
abided  to  remove  surplus  oil  and  gum  from  the  shaft,  and  carry  them  to 
the  oil-cistern.  The  patterns  of  all  these  fixtures  are  new  and  were  de- 
vised here. 

ROCK  ISLAND  BRIDGE. 

Beside  the  ordinary  repairs  of  the  bridge,  anew  floor  for  the  wagon- 
i^ad  has  been  put  on  the  bridge  during  the  year.  This  work  wa«  begun 
May  5  and  completed  June  4,  1870.  It  was  a  more  difficult  work  than 
^as  anticipated. 

Examinations  of  the  floor  timbers  made  two  years  ago,  when  the  esti- 
'nate  for  the  work  was  luade,  showed  a  portion  of  the  timbers  to  be  in 
^Tood  condition,  but  when  the  floor  was  torn  up  all  were  found  to  have 
^^t^teriorated  more  or  less,  and  although  one-half  of  them  might  have 
'^mained  serviceable  many  years,  the  cost  of  tearing  up  to  take  out  a 
timber  in  the  future  would  have  been  so  ^eat  that  I  deemed  it  wise 
^Miomy  to  take  them  all  out  and  put  in  new  timbers  throughout. 

The  sidewalks  were  also  renewed.  The  floors  of  these  are  now  laid 
^ith  3-inch  pine  plank.  The  floor  of  the  roadway  is  laid  with  4  inch 
^hit€-oak  plank. 
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Much  care  was  taken  to  procure  good  sound  lumber.  The  total 
amount  used  was  111,000  feet  of  oak  and  172,000  feet  of  pine. 

I  had  hoi)ed  to  be  able  to  ari*anji:e  the  work  so  that  the  brid<re  oouki 
be  opened  to  the  public  at  night  while  the  work  was  in  progress,  hot 
this  was  found  to  be  impossible.  The  difficulties  attending  pushing  the 
work  rapidly  to  lessen  the  time  that  it  should  be  closed  were  serious 
and  added  somewhat  to  the  cost.  From  50  to  70  men  were  employeil  on 
the  work. 

Some  slight  changes  were  made  in  the  iron  tramways  to  make  them 
more  convenient,  and  in  the  tioors  to  give  l)etter  ventilation  around  the 
timbers  and  save  them  from  rotting.     Also  the  arrangement  of  floon 
and  coverings  of  the  bottom  chortls  of  the  bridge  wa«  changed  to  pre 
vent  the  retention  of  water  on,  and  the  rusting  of  the  iron  work,  as  well 
as  to  give  a  l>etter  appearance  to  the  bridge. 

A  statement  of  teams  and  persons  crossing  the  bridge  during  the  year 
is  ap[>ended  and  marked  A. 

A  statement  marked  B  is  appended  hereto,  showing  the  stages  of 
water  in  the  water-power  pool  and  tail-rac^s,  and  the  head  of  water  at 
the  two  dams  during  the  year.  The  power  has  been  good  throughout 
the  year. 

A  statement  marked  C  is  appended  hereto,  showing  fiibrications  and 
other  work  done  on  ordnance  and  onluauce  stones  during  the  year. 


APPENDIX  A. 
Abstract  of  record  kept  at  the  Rock  hland  bridge  dnring  the  year, 

PASSING  NORTH. 

Engines  with  trains 4,559 

Engines  without  trains 119 

Total  engines : 4,6*'' 

Passenger-care  ,.... 6,  .11^ 

Freight-care 91,195 

Foot-passengera 172,637 

Teams r20,2(« 

Steamboats 91^ 

Barges - 3o9 

PASSING  SOUTH. 

Engines  with  trains 4,56? 

Engines  without  trains W 

Total  engines 4,tJ9j 

Passenger-care 6,315 

Freight-care 91.299 

Foot-passengera 172,  ^ 

Teams 119,1'*; 

8t«aniboat« 90tJ 

Barges 33^ 

Rafts 401 
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(B.) 
Record  of  stages  of  water  at  site  of  water-power. 


1878. 


July. 


August. 


a 

o 

a 

w 
0 


US 


11.10 

•  •  • 

1L25 

...!    11.20 

...i    11.20 

...     11.00 

ILOO 

10.90 

10.80 

10.70 

10.70 

10.65 

ILIO 

12.60 

13.40 

13.30 

13.40 

13.60 

13.45 

12.90 

12.45 

12.10 

11.90 

11.90 

11.80 

11.70 

11.70 

11.80 

12. 

12. 

12.15 

12.10 


» 


ll 


1 

Sylvan 
1. 

Sylvan 
dam. 

"2^ 

water 
States 

• 

1 

•s? 

.a 

« 

03 

0 

1 

»? 

1 

P 

1 

P4 

H 

W 

^ 

6.30 
a.m. 

6.30 
fi.m. 

6.30 
a.m. 

6.30 
a.m. 

6.30 
a.m. 

6.30 
a.m. 

4.80-f 
4.80— 
4.80- 
4. 80-  - 
4.80-- 

4.804- 

4.80-- 

4.80- 

4.80-h: 

4.80-i-J 

4.804- 

4.80-- 

4.80-1- 

5.60 

6.50 

6.80 

7.00 

6.80 

6.40 

6.95 

5.30 

5.55 

6.30 

5.30 

5.35 

4.804- 

4.80-- 

4.80-- 

4.804- 

5.10 

6.10 


6.30 
6.45 
6.40 
6.40 
6.20 
6.20 
6.10 
6.00 
5.90 
6.90 
6.85 
6.30 
7.80 
7.80 
6.80 
6.60 
6.60 
6.65 
6.50 
6.50 
6.80 
6.45 
6.60 
6.50 
6.45 
6.90 
7.00 
7.20 
7.20 
7.05 
7.00 


11.45 

1L50 

11.50 

11.45 

11.30 

11.20 

1L20 

1L05 

11. 

10.95 

10.90 

11.20 

12.75 

13.65 

13.55 

13.60 

13.85 

13.65 

13.05 

12.65 

12.40 

12.05 

12.00 

11.95 

11.85 

11.  9) 
12.00 

12.  20 
12.  40 
12.  35 
12.30 


3.60 
3.70 
3.75 
3.65 
3.50 
3.30 
3.20 
3.10 
3.00 
2.90 
2.75 
3.10 
4.80 
6.10 
6.50 
6.70 
7.00 
6.75 
6.25 
5.70 
6.30 
6.15 
5.05 
4.85 

4.  cr. 

4.  r.-, 

4.4» 
4.55 
4  70 

4.70 


7.85 
7.80 
7.75 
7.80 
7.80 
7.90 
8.00 
7.95 
8.00 
8.05 

a  15 

8.10 
7.95 
7.55 
7.05 
6.90 
6.85 
6.90 
6.80 
6.95 
7.10 
6.90 
6.95 
7.10 


20 
40 
5i 
T> 

70 

60 


6.30 
fi.m. 


12.00 
11.90 
11.80 
11.70 
11.75 
1L70 
11.70 
11.50 
11.40 
11.35 
11.25 
11.10 
10.90 
10.80 
10.70 
10.70 
10.55 
10.40 
10.40 
10.75 
10.50 
10.70 
10.60 
10.50 
10.40 
10.10 
9.90 
9.  «0 
9  70 
9.00 
U  CO 


6.30 
a.m. 


4.90 

5. 

4.80-f- 

4.80-1- 

4.90 

4.90 

4.804- 

4.80- 

4.80-- 

4.804- 
4.80-- 
4.80-- 
4.80-1- 
4.80-H 
4.80-h 
4.80-f- 
4.80-1- 
4.80-1- 

4.804- 
4.80-f- 
4.80-- 
4.80-- 
4.80-- 
4.80-- 
4.80-- 
4.80-- 
80-- 
Hft  - 
S0+- 
80  f-. 


111 


6.30 
a.  m. 


4.  80h 


7.10 
6.90 
7.00 
6.90 
6.85 
6.80 
6.90 
6.70 
6.60 
6.55 
6.45 
6.30 
6.10 
6.00 
5.90 
5.90 
5.75 
6.60 
5.60 
6.95 
6.70 
6.90 
5.80 
6.70 
5.60 
5.30 
5.10 
5.00 
4.90 
4.80 
4.80 


p 
^  a 


6.30 
a.m. 


12.20 
12.05 
12.00 
1L95 
11.95 
11.90 
11.80 
11.70 
11.60 
11.  5« 
11.45 
11.26 
11.20 
11.05 
10.90 
10.80 
10.75 
10.66 
10.60 
10.95 
10.75 
10.90 
10.80 
10.70 
10.65 
10.30 
10.10 
10. 
9.90 
9.80 
9.70 


es 
H 


6.30 
a.m. 


4.60 
4.45 
4.30 
4.20 
4.20 
4.20 
4.10 
3.90 
8.80 
3.70 
8.50 
3.40 
3.00 
3.05 
3.00 
2.90 
2.75 
2.60 
2.60 
3.20 
2.80 
3.10 
3.00 
2.80 
2.60 
2.85 
2.20 
2.10 
2.00 
2.00 
2.05 


pa  . 

^a 

08*3 
o  $ 


6.30 
a.m. 


7.60 
7.60 
7.70 
7.75 
T.T5 
r.90 
T.70 

r.8« 

T.80 
7.86 
7.9» 
T.86 
8.  SO 
S.Q$ 
T.9f 
7.9f 

aos 

t.0» 
T.75 
7.96 
7.80 
7.8» 
7.9f 
8.t5 
T.9i 
7.90 
7.9« 
7.9« 
7.8t 
7.65 


14  ORD 
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(B.) 
Beoord  of  stages  of  water  at  site  of  water-power — Continued. 


a 

e 


1.... 

iS«  •  •  • 
3>  ••  • 
4.... 
6. ... 
6... 

4  m  m  •  • 

8.... 

9.... 
10.... 
11.... 
12.... 
13. . . ■ 
14.... 
16.. 
1«.. 
17.. 
18.... 
19... 
20... 
21... 
22... 
£0. . . • 
24.... 
25.... 
26. .. . 
27.... 
28.-.. 

30 

31.... 


187a 


CD 

•c 

XI 


6.30 
a.m. 


9.00 
9.50 
9.40 
9.30 
9.10 
9.00 
a  70 
&90 
9.00 
&40 
&40 
9.10 

aoo 
aoo 

9.10 
8.70 
7.40 
8.00 
7.90 
7.60 
9.10 
a80 
&20 
9.20 
&80 
9.10 
9.40 
9.00 
9.10 
8.55 


September. 


M 

o 
eS 

s 
g 

H 


6.30 
a.m. 


4.80-1- 

4.80-- 

4.80-- 

4.80-- 

4. 80- -I 

4.80-- 

4.80-- 

4.8O4- 

4.80-- 

4.80-- 

4. 80-. 

4.80-- 

4.80-- 

4.804- 

4.80- 

4.80-- 

4.80- 

4.80-4- 

4.80-- 

4.8O4- 

4.804- 

4.80f 

4.804- 

4.8O4- 

4.80-- 

4.60-- 

4.80-- 

4.80-- 

4.80-- 

4.80-- 


6.30 
a.m. 


4.80 
4.70 
4.60 
4.50 
4.30 
4.20 
3.90 
4.10 
4.20 
3.60 
3.60 
3.30 
3.80 
4.10 
4.30 
3.90 
2.60 
3.20 
3.10 
2.80 
4.80 
4.00 
8.40 


4. 
4. 
4. 


40 
00 
30 
4.6a 
4.20 
4.30 
3.75 


I 

s. 

*^a 


&30 
a.m. 


9.00 
9.70 
9.60 
9.50 
9.20 
9.15 
8.90 
9.00 
9.10 
&60 
8.75 
9.30 
8.85 
(•) 


S 

> 


9  h 
.2  9 


at  the 
dam. 

5S 

Head  of 
United 

6.30 
a.m. 


1.90 
1.90 
L90 
1.85 
1.85 
L85 
1.80 
1.75 
1.85 
1.80 
1.75 
1.60 
1.70 
1.60 
1.55 
1.75 
1.65 
1.50 
1.45 
1.45 
1.80 
3.15 
2.80 
2.85 
1.70 
1.85 
3.60 
2.85 
3.40 
3.40 


6.30 
a.m. 


8.00 
7.80 
7.70 
7.65 
7.35 
7.30 
7.10 
7.25 
7.25 
6.80 
7.00 
7.70 
7.15 
(•) 


9 

•c 

JO 

o 


:^ 


&30 
a.m. 


9.50 
10.40 
10.50 
10.50 
10.40 
10.60 
10.50 
10.40 
10.30 
10.30 
10.30 
10.30 
10. 

10.40 
10.60 
10.50 
10.50 
10.60 
10.50 
10.40 
10.60 
10.60 
10.80 
10.90 
11.10 
11.30 
11. 

11.20 
10.70 
11. 
11.  ]0 


October. 


CD 

a 

o 


6.30 
a.m. 


4.8O4- 
4.80-- 
4. 80-. 
4.80-- 
4.80-- 
4.80-- 
4.80-- 
4.80-- 
4.80-- 
4.80- 
4.80-- 
4.80" 
4.80-. 
4.80-- 
4.80-. 
4.80-- 
4.8O4- 
4.8O4- 
4.80-- 
4.80-- 
4.80-- 
4.80-- 
4.80-- 

4.804- 
4.80-- 
4.80-- 
4.80" 
4.80" 
4.80-- 
4.80-- 
4. 80-- 


at  the 
power 

water 
water 

Head  of 
Moline 
dam. 

&30 

a.m. 

4.70 
5.60 
6.70 
5.70 
5.60 
5.80 
5.70 
5.60 
5.50 
5.50 
5.50 
6.50 
5.20 
5.60 
5.80 
6.70 
5.70 
6.80 
6.70 
5.60 
5.80 
6.80 
6.00 
6.10 
6.30 
6.50 
6.20 
6.40 
5.90 
6.20 
6.30 


cS 


1 

(I4 


6.30 
a.m. 


(*) 


9 


6.30 
a.in. 


5.70 

5.70 

5.70 

5.80 

5.50 

4.80 

4.10 

4.10 

4.10 

3.95 

a95 

4. 

3.95 

4.20 

4.20 

4.20 

5.35 

5.60 

4.80 

5.00 

5.10 

5.20 

5.20 

5.20 

5.25 

5.30 

5.30 

5.30 

5.20 

5.25 

5.40 


*  No  readinffs  could  be  taken  at  " Pool  at  Sylvan  water  dam "  and  at  "Head  of  water  at  the  FDited 
fititeadam"  m>m  September  14  to  October  31,  both  inclusive;  water  was  coffered  out  byputtiu;^i> 
pen-stocks,  &c. 
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be 


.a 

I 


6.30 
iLm. 


IL 
IL 

10.90 

10.70 

10.60 

10.40 

10.30 

10.10 

9.90 

9.85 

9.50 

9.25 

9.25 

9.35 

9.20 

a  70' 

9.65 

9.25 

9.60 

10. 

10.10 
10.00 
10.10 
10. 
10. 
9.90 
10. 
10. 
9.90 
9.90 


(B.) 
Record  of  stages  of  water  at  site  of  water-power — Continued. 


NoYember. 


O 


6.30 


4.80+ 
4.80+ 
4.80+ 
4.80+ 
4.80+ 
4.80+ 
4  80+ 
4.80+ 
4.80+ 
4  80+ 
4.80+ 
4.80-1- 
4.80  + 
4.80+ 
4.80+ 
4.80+ 
4.80+ 
4.80+ 
4.80+ 
5.10 
5.10 
4.80+ 
4.80+ 
4.80+ 
80+ 
80+ 
80+ 
80+ 
4.80+ 
4.80+ 


6.30 
a.111. 


&20 
6.20 
6.10 
5.90 
5.80 
5.60 
&50 
5.30 
5.10 
5.05 
4.70 
4.45 
4.45 
4.55 
4  40 
3.90 
4  85 
445 
4  80 
490 
5.00 
8.20 
5.30 
5.20 
5.20 
5.10 
5.20 
5.20 
5.10 
5.10 


6.30 
a.m. 


(*) 


^ 


6u30 


6.25 
5.05 
495 
4  90 
4  75 
4  75 
4  75 
4  65 
4  55 
4  50 
4  40 
4  25 
4  25 
415 
4  05 
4  00 
3.95 
3.95 
3.55 
2.50 
2.55 
2.55 
2.55 
2.45 
2.45 
2.75 
2.40 
2.25 
2.20 
2.20 


1878. 


6u30 


(*) 


9 

.a 
o 


6.30 


9.85 

9.70 

9.60 

9.70 

9.70 

9.60 

a  70 

9.50 

8.50 

6.50 

7.80 

6.50 

6.50 

6.50 

6.40 

6.40 

6.40 

6.40 

6.20 

6.25 

6.30 

6w40 

&40 

11.60 

11.75 

1L65 

11.50 

11.40 

11.50 

11.10 

10.90 


December. 


6u30 
a.m. 


4  80+ 
4  80-- 
4  80-- 
4  80-- 
4  80-- 
4  80-. 
4  80-- 
4  80-- 
4  80-- 
4  80-- 
480-- 
4  80-- 
4  80- 
4  80-- 
4  80-- 
4  80-- 
4  80- 
4  80-- 
4  80-- 
4  80-- 
4  80-- 
4  80- 
4  80- 
4  90 
4  90 
4  90 
4  80+ 
4  80-- 
4  80-- 
4  80-- 
4  80-- 


6.30 
a.in. 


5.05 
490 
480 
4  90 
4  90 
4  80 
3.90 
4  70 
3.70 
1.70 
3.00 
1.70 
1.70 
L70 
LOO 
LOO 
LOO 
LOO 
L40 
L45 
L50 
LOO 
LOO 
L70 
6.85 
6.7;> 
6.TO 
6.60 
6.70 
6.30 
6.10 


6.30 
a.m. 


(*) 


4  70 

4  95 

4  35 

410 

7.70 

U.70 

1L60 

1L60 

12. 

ILOO 
U.OO 
10.80 
10.70 


it 

i 


\  I 
6.30 
fi.m. 


2. 

L95 

2.05 

2.00 

2.00 

L95 

2.10 

L95 

L90 

L85 

LOO 

L65 

L50 

L45 

1.50 

L45 


L60 
2.45 
2.65 
2.70 
3.60 
3.70 
3.50 
3.60 
3.60 
3.60 
3.30 
3.30 
3.25 


6.30 
a.m. 


(*) 


1  ••*••• 


3.10 
2.50 
L70 
L40 
410 

aoo 
a  10 

^00 
9.40 
7.40 
7.70 
7.50 
7.45 


^0 readingfi  could  be  taken  at  "Pool  at  Sylvan  water  dam "  and  at  "Head  of  water  at  the  United 
^  dam  "  from  November  1  to  December  18,  both  inclnsive ;  water  wa«  coffered  out  by  patting  in 
■«tock8,  dec. 


i 
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(B.) 
Record  of  stages  of  water  at  site  of  water-power — Continued. 


1879. 


January. 


5 

a 

o 


1... 

2... 
3... 
4... 

5... 

0.  • . 

T... 

8... 

9... 
10.., 
11... 
12... 
13... 
14... 
16... 
16.., 
IT... 
18... 
19... 
20... 
81... 
22... 
S3... 
24... 
zp.  •• 
86... 
T7... 

St?  •  •  m 

to... 
tl... 


0$ 


o 


6.30 
a.m. 


10.80 
10.70 
10.90 
ILIO 
1L40 
11.45 
11.20 
11.25 
11. 

10.70 

10.50 

10.60 

10.20 

9.60 

9.00 

9.00 

9.45 

9.50 

10.80 

10.80 

9.90 

9.55 

9.40 

9.05 

&75 

a90 

a90 

&80 

9.00 

9.40 

10.00 


o 


6.80 
a.m. 


5.00 

5.60 

6.00 

6.00 

5.00 

6.00 

6.20 

6.20 

6.25 

6.25 

6.20 

4.80+ 

6.25 

6.05 

6.00 

5.80 

5.90 

6.15 

4.804- 

4.80-i- 

4.80+ 

6.15 

6.00 

6.20 

5.70 

5.70 

5.80 

5.70 

5.20 

5.70 

6.70 


9 

JS 


O 

I 

S 


» 


6.30 
a.m. 


6.80 
5.10 
4.90 
6.10 
6.40 
5.45 
6.00 
5.05 
4.75 
4.45 
4.30 
5.80 
3.95 
2.95 
3.00 
3.20 
3.55 
3.35 
5.50 
5.50 
4.10 
3.40 
8.40 
2.85 
3.05 
3.20 
3.10 
8.10 
a80 
3.70 
4.;M) 


I 
s . 

t 
1 


6.30 
a.m. 


10.60 

10.45 

10.10 

10.00 

10.30 

10.35 

10.35 

10.25 

10.40 

10.50 

10.50 

10.80 

10.55 

9.80 

9.30 

9.25 

9.65 

9.80 

10.60 

10.50 

10.10 

9.80 

9.80 

9.35 

9.05 

9.25 

9.10 

9.00 

9.25 

9.70 

10.25 


6.30 
a.m. 


3.25 
3.25 
3.20 
3.25 
3.30 
3.30 
3.30 
3.25 
3.30 
3.35 
3.40 
3.00 
3.30 
3.20 
3.20 
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ReeorA  of  »tage»  of  viater  at  liU  of  teater-poieer — Coutipned. 
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(B.) 
Record  of  stages  of  water  at  site  of  water-power — Continued. 
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APPENDIX  L. 

progress  report  on  the  artesian  well  at  benicia  arsenal 
during  the  fiscal  year  ended  june  30,  1879,  lieut.  col.  j. 
McAllister,  ordnance  department,  commanding. 

General:  I  have  the  honor  to  report  that  the  work  of  sinking  an 
urtesian  well  at  this  arsenal  has  been  prosecuted  during  the  past  year 
ks  &r  as  practicable,  considering  the  appropriation  made  by  the  first 
lession  of  the  Forty-fifth  Congress,  and  the  fact  that  no  appropriation 
fas  made  for  this  undertaking  by  the  second. session  of  that  Congress, 
lor  by  the  extra  session  of  the  new  Confess. 

The  present  report  is  the  sixth  on  this  subject,  and  the  date  of  the 
ast  one,  August  14,  1877,  shows  that  two  years  have  elapsed  since  I 
nx>te  you  in  reference  to  this  matter,  and  the  question  whether  the  j>eo- 
►le  on  this  coast,  failing  to  secure  surface  water,  can  procure  by  boring, 
cod  artesian  water,  is  still  unanswered.  This  is  a  matter  of  great 
loment  to  all  the  residents,  manufacturers,  rancheros,  and  even  to  the 
md  si>eculators  and  financiers  who  reside  here  or  are  interested  in  the 
>rosi>erity  of  the  States  west  of  the  Rocky  Mountains.  No  person  on 
bis  coast  has  yet  obtained  artesian  water,  nor  has  any  individual  or 
omi>any  bored  to  the  depth  which  has  been  reached  by  the  well  at  thin 
jnsenal. 

An  estimate  of  $6,705  was  asked  for  in  July,  1876.  but  Congress  only 
ppropriated  $3,000  for  continuing  this  work  during  the  fiscal  year  ending 
^une  30, 1877.  The  above  estimate  was  based  on  the  experience  gained 
n  prosecuting  this  undertaking  during  former  years,  but  as  the  well 
leepened  the  expenses  to  be  incurred  increased  with  a  ratio  which  wan 
Lot  fully  appreciated  at  the  time  the  estimate  was  made,  and  tlie  action 
»f  Congress  in  decreasing  the  sum  estimated  for  b^'  the  amount  of  $1^705 
^f  coa^;^e  added  to  our  embarrai>sments.  The  work  was  discontinued  at 
he  end  of  April,  1877,  for  want  of  funda,  leaving  the  well  l,i07  feet  deep. 
I  mon<^y  could  have  been  obtained  at  that  time  to  continue  boring,  the 
success  of  inking  an  artesian  well  at  this  post  deep  enough  to  obtain 
Hire  water  would  most  prol>abIy  have  been  un/ait  accomplL 

A  work  of  this  character  should  be  continuous,  if  it  is  to  be  con- 
lui-ted  with  any  regard  to  economy,  esj>ecially  while  we  are  using  the 
iame  diameter  of  pijie  to  line  the  walls  of  the  welL  The  time  empio^'ed 
it  the  well  should  constantly  lye  increased  until  the  work  is  prosecuted 
lay  and  nj;:ht ;  for.  a.s  the  len^h  of  )iii>e  is  increased  the  danger  of  it^ 
^ecomm^  immovable  in  the  w^U  L^also  incn^a.se'l.  and  it  is  only  by  keep - 
[iZ  it  ni-.»viii^  that  this  can  l>e  avoide^L  The  7-inch  pij^e  ai$  it  is  tonub^ 
[iUj  ihnf  wt-iL  for  every  uuh  of  d*^pth  pre??*^nts  a  suiiace  of  22  s<rjuare 
n«-b^->  lo  a^iheitf  to  the  walh^  of  the  well-  an<l  the  friction  l>etwe>ea  the 
"ai-^kr  snrTdk.-se  of  the  pi|^  and  the  walls  of  the  well  increa'i-es  proix/r- 
i>^i^allT^  While  work  is  <»Litijjaed  dav  aiid  nii^Iit  no  difiicultv  in  mov- 
li^Z  *ii^  y'^ft  is  exjMrrieiiced  pnivideil  the  well  wall  is  tme.  bat  when  a 
'T'.Mi  IS  ii-J'-'wed  to  ela]»-^  l>eTwe>eTi  the  time  of  st<»]»j#iii^  and  resujijing 
r-*?*i.ai  ^.Lc^te  ijicni>ts  liie  out'-j«Lf  of  the  pij^e  and  i^iaes  it  to  the  walls 
€  i.i*e  w^lL  «o  that  ix  ha*;  to  l>e  all  taken  up.  as  it  cauji<>t  l>e  muv^ 
?>wi.wjiird^  and  to  eSr^ct  iliis  p  »rii^»:i«-  of  it  kave  to  ]>e  wiriich*^  Uoji 
li^  iM>*^  of  the  welL 
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As  80  much  time  has  elapsed  since  my  last  report  was  rendered,  a 
summary  of  the  condition  in  which  the  well  was  left  when  work  on  it 
was  discontinued  in  April,  1877,  will  not  be  out  of  place. 
The  well  had  been  bored  to  a  depth  of  1,407  feet  10  inches,  and  a  drill 

had  been  left  at  the  bottom  broken  off  from  the 
rods.  The  11-inch  diameter  pipe  reached  to  a  depth 
of  200  feet  from  the  surface  of  the  groimd,  the  9- 
inch  pipe  to  a  distance  of  557  feet,  the  8-inch  pipe 
to  a  depth  of  959  feet,  and  the  7-inch  pipe  to  1^312 
feet  9  inches,  or  to  within  53  feet  1  inch  of  the  bot- 
tom of  the  well  hole. 

The  supply  of  water  afforded  by  the  well  in  the 
condition  when  work  ceased  was  plentiful ;  a  deqh 
well  pump  was  placed  in  the  well  200  feet  below  the 
surface  of  the  ground,  and  although  the  water  ira» 
pumi)ed  out  for  sixty  hours,  yet  this  only  lowered 
the  water  slightly  and  the  supply  continued  abun- 
dant. This  water  came  from  two  sources — the  one  960  feet  from  the 
surface  where  the  8-inch  pipe  terminates,  and  the  second  from  the  botr 
tom  of  the  well. 

It  was  determined  to  derive  some  benefit  from  this  water  and  to  make 
arrangements  so  that  it  could  be  used  in  case  of  fire,  for  the  boiler  in 
tlie  shops,  and  for  irrigation.  The  best  method  of  effecting  this  was  t» 
pump  the  water  directly  from  the  well  into  the  reservoir,  from  which  it 
could  be  distributed  to  all  parts  of  the  post.  In  this  case  the  height 
through  which  the  water  was  to  be  forced  might  be  300  feet,  as  follows: 
The  difference  of  level  between  well  and  reservoir  was  180  feet,  and  tiie 
water  might  be  lowered  in  well,  by  continuous  pumj)ing  eight  horns  a 
day,  about  120  feet  from  the  surface.  To  pump  the  water  through  this 
height  would  have  subjected  the  piston  of  pump  and  the  pipes  to  a  great 
Hti'ain,  as  we  must  include  in  our  estimate  the  friction  of  the  water  on  the 
mner  surfa<;e  of  the  pipe,  which  would  have  to  be  overcome,  as  well  as  Ae 
actual  weight  of  water  to  be  raised.  It  was  decided  to  pump  this  water 
into  another  well  which  furnished  us  with  about  1,500  gallons  of  hard, 
slaty  water  eveiy  day  during  the  dry  season,  and  from  thence  to  foroe 
it  up  into  the  reservoir  on  the  hill  by  means  of  a  Knowles  st^am-pump. 
The  analysis  of  the  water  obtained  from  the  well  resulted  as  follows: 
After  standing  some  time  a  dark  precipitate  formed  from  a  wine-gallon 
of  the  water,  and,  having  been  filtered,  was  found  to  weigh  13.063  grains. 
It  was  composed  of  the  following:  Silica,  5.890  grains^  organic  mattery 
4.374  grains,  and  oxide  of  iron,  2.799  grains. 

A  qualitative  analysis  showed  the  presence  of  the  following  sub- 
stances :  Soda,  iron,  organic  matter,  ammonia,  chlorine,  carbonic  acid 
free  and  combined ;  also,  traces  of  sulphuric  and  boracic  acids.  The 
quantity  of  carbonic  acid  free  and  combined  was  found  to  be  9.155 
grains  in  one  wine-gallon  of  water.  This  water  proved  to  be  alkahne 
and  impure  from  the  presence  of  organic  matter.  It  is  very  soft^  and 
free  from  lime  and  magnesia ;  but  the  presence  of  organic  matter  ren- 
dered the  water  unfit  for  food.  This  water  was  used,  mixed  with  the 
hard  water  of  the  small  well,  during  the  dry  season,  for  irrigation  and 
for  the  animals.  It  did  not  seem  to  disagree  with  the  latter.  Some 
violets  which  were  irrigated  faded  and  died,  but  it  seemed  to  agree  witJi 
the  grasses  and  trees. 

We  were  astonished  at  finding  organic  matter  in  water  rising  from  a 
1,407-foot  level,  and  could  only  realize  that  this  analysis  was  correct 
when  we  remembered  that  cojil  was  found  near  this  stream  of  water. 
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Notice  was  received  at  this  arsenal  on  July  16, 1878,  that  another  ap- 
propriation had  been  made  for  prosecuting  work  on  the  artesian  well.  I 
made  a  complete  examination  immediately  of  all  the  tools  and  apparatus 
on  band  for  this  work,  and  the  opinions  which  were  expressed  in  my 
last  report,  i.  e.,  that  the  engine  and  boiler  could  not  perform  the  re- 
quired work  any  longer,  was  verified.  It  was  also  resolved  to  remodel 
some  of  the  tools  and  to  duplicate  others.  The  necessity  for  doing  this 
last  was  explained  in  my  x^revious  report.  It  will  be  remembered  that 
in  pushing  down  the  pipe  during  the  year  1877  the  force  required  to 
effect  it  was  proportional  to  the  upward  spring  of  the  pii)e  when  relieved 
from  the  pressure.  This  upward  spring  was  sometimes  as  great  as  4 
inches,  which  was  considered  as  proving  that  a  pressure  of  over  20  tons 
had  been  used  before  the  pipe  commenced  descending  into  the  well. 
Such  a  force  was  very  injurious  to  the  rivets  which  held  the  pipe  to- 
gether, and  if  they  failed  to  sustain  it  the  pipe  would  certainly  telescope, 
and  its  interior  diameter  be  diminished  so  that  the  tools  could  not  pass 
freely  to  the  bottom  of  the  well.  This  fact  and  the  weight  of  the  sheet- 
iron  pipe  already  in  the  well,  which  was  15,000  pounds,  determined  us 
to  use  no  more  of  it,  but  on  top  of  this  double  sheet-iron  pipe  to  fasten 
heavy  wrought-iron  artesian-well  tubing.  This  we  ordered  from  Phila- 
delphia, and  Lieutenant-Colonel  Whittemore,  who  commanded  at  Frank- 
ford  Arsenal,  had  the  kindness  to  inspect  it  lor  us.  This  inspection  had 
to  be  made  very  carefully,  as  the  tubing  must  be  perfect  as  regards 
straightness,  and  there  were  very  small  limits  to  be  allowed  in  regard  to 
the  interior  and  exterior  diameters. 

Tliis  length  of  tubing,  700  feet,  would  enable  the  well  to  be  sunk  and 
piped  to  a  depth  of  2,072  feet,  which  was  considered  as  a  depth  sufficient 
to  demonstrate  the  success  or  failure  of  the  effort  to  obtain  a  flowing  well 
of  large  capacity.  It  will  be  remembered  that  a  flowing  well  of  some 
1,000  gallons  per  day  has  already  been  obtained  from  the  960-foot  level, 
tlie  water  from  this  stream  rising  in  the  pipe  as  far  as  the  latter  reached 
above  the  ground,  i.  e.,  two  feet,  and  flowing  over  its  edges. 

Of  course  in  all  the  deliberations  which  resulted  in  the  procurement  of 
new  machinery  and  the  fabrication  of  new  tools  an  appropriation  for  this 
work  by  Congress  for  the  succeeding  year  was  a  conspicuous  element. 
Representations  had  been  made  in  the  last  report  which  proved  conclu- 
sively the  great  loss  which  the  government  had  experienced  in  allowing 
this  work  to  be  discontinued  for  a  year,  and  on  the  principle  that ''  a  burnt 
child  dreads  the  fire,"  it  was  confidently  expected  that  money  would  be 
appropriated  for  this  work,  and  all  the  imi)rovements  in  machinery  and 
tools  were  made  on  that  supposition. 

The  new  boiler  was  20  feet  long,  42  inches  diameter,  with  two  flues, 
each  16  inches  diameter ;  steam -drum  48  inches  long,  30  inches  diame- 
ter, with  mud-drum  and  safety-valve.  The  engine  employed  was  the 
portable  one  which  had  been  on  hand  for  some  years  at  this  arsenal,  and 
was  capable  of  developing  twelve  horse-power. 

A  new  steam-cylinder  for  working  the  end  of  the  lever  opposite  the 
one  to  which  the  boring-rods  were  attached  had  to  be  made  and  fitted  ; 
it  was  a  single-action  cylinder,  the  feed  automatic,  9  inches  interior  di- 
ameter and  4  feet  high.  Four  new  drills  were  made,  and  the  form  of 
these  was  improved.  It  had  been  observed  that  in  all  cases  in  which 
the  drills  were  broken  in  the  well  the  line  of  fracture  or  weakness  wa« 
exactly  where  the*  screw  joined  the  drill,  or  where  the  coupling  of  the 
side  cutter-tool  seemed  to  rest  on  the  drill  when  they  were  screwed  to- 
gether. 
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The  new  drills  were  made  with  cones  between  the  screw  and  body  of 
drill,  which  fit  into  inverteil  cones  in  the  couplings  on  the  tools  above. 

Am  The  side  strains  are  borne  partially  by  these  cones  and 
j\  not  entirely,  as  heretofore,  by  the  male  and  female  screws 
'^  of  these  tools. 

Two  side-cutter  tools  were  fabricated  of  a  new  device 
which  rendered  them  more  serviceable.  This  tool  consists 
of  a  fi^me  of  wrought  iron  to  hold  two  side-cutters,  one  on 
each  side,  and  is  screwed  on  to  the  rods  above  the  drill 
The  side-cutters  are  made  of  steel ;  they  revolv^e  around 
a  pin  in  the  center  of  the  tool,  and  have  serrated  cutting 
surfaces.  The  frame  for  this  tool  is  of  wrought  iron,  2  inches  thick;  tlie 
cross-section  is  that  of  a  cross ;  the  side-cutters  work  between  two  steel 
circular  plates,  to  which  they  are  fastened  by  a  steel  pin  which  passes 

through  the  centers  of  these  plates  and  through  the  holes 
in  the  shanks  of  the  side-cutters.  Around  the  pin,  the 
latter  move  through  an  arc  of  45^,  so  that  they  can  be 
kept  closed  when  parsing  down  the  pipe,  and,  also,  that 
they  will  close  themselves  in  passing  up  the  pipe  by 
being  pulled  up  through  it.  There  are  two  slots  in  each 
plate  which,  when  the  tool  is  assembled,  are  dii*ectly  oppo- 
site similar  slots  in  the  other  plate ;  these  slots  would  be 
portions  of  the  same  ring,  if  it  was  cut  around  the  plate. 
A  steel  pin  passes  through  each  slot  in  the  plate  through 
a  hole  in  one  of  the  side-cutters  near  its  head,  and  oat 
through  the  slot  in  the  opposite  plate.    This  pin  projects 

ALAiJ  n  II  beyond  both  plates,  and  has  a  screw-tliread  on  one  ex- 
D  Jl  tremity,  with  a  nut  to  fit  the  screw.  These  side-cutters 
«WW  are  kept  open  by  a  spiral  spring  which  works  up  and 
down  around  an  iron  bar  belonging  to  a  tool  just  above 
side-cutter  frame.  This  spring  works  between  a  fixed 
collar  at  the  bottom  of  the  bar  and  a  sliding  collar  above 
it.  To  the  latter  are  attached  two  arms  and  from  them 
hang  two  forked  rods,  one  on  each  side ;  the  prongs  of 
these  forks  have  round  holes  through  their  extremities, 
and  they  pass  down,  one  on  the  outside  of  one  circular 
plate,  and  the  other  on  the  outside  of  the  other  circular 
plate.  The  pins  last  mentioned,  after  passing  through 
the  holes  in  side-cutters  and  the  slots  in  circular  plates, 
pass  through  the  holes  in  the  prongs  of  the  forks ;  and 
the  whole  system  is  held  together  by  the  nuts  screwed 
on  to  the  end  of  the  pins.  When  the  side-cutters  are  open 
to  the  full  extent,  the  backs  of  each  of  them  rest  upon  a 
shoulder  between  the  two  circular  plates ;  so  that  there 
is  no  yielding  upward  as  the  tool  falls  to  the  bottom  of 
the  well  in  boring.  To  use  this  tool,  we  take  hold  of  the 
forked  rods  and  pull  them  down  against  the  spring  until 
the  heads  of  the  side-cutters  are  as  low  as  they  can  be  got,  then  place 
wooden  pegs  between  side-cutters  and  shoulders;  these  will  hold  the 
former  in  j^lace  until  the  tool  is  lowered  through  the  pipe.  When  boring 
is  commenced,  the  first  or  second  stroke  will  loosen  the  pins,  which  will 
then  float  to  the  top  of  the  water  in  the  well,  and  prove  to  the  workman 
that  the  side-cutters  are  working.  As  soon  as  the  pins  escape,  the 
spring  will  cause  the  side  cutters  to  open  back  and  upwards  until  they 
rest  against  the  shoulders ;  then  they  will  commence  to  do  their  work- 
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Two  free- falling  tools  had  to  be  repaired;  they  work  aatomatically, 
and  were  fully  described  in  my  report  dated  July  19,  1873. 

It  was  found  necessary  to  make  a  new  pump  of  heavier  material  than 
the  last,  but  no  change  was  made  in  its  construction. 

The  old  pipe  had  to  be  removed  from  the  well,  and,  as  it  could  not  be 
stirred  in  its  present  state,  it  was  necessary  to  cut  it  into  sections ;  in 
order  to  effect  this  we  prepared  a  tool  which  would  cut  through  the  sides 
of  the  pipe  at  any  distance  from  the  top  of  it. 

We  took  the  tool  described  in  my  last  report,  which  was  made  for  re- 
moving broken  wooden  poles  from  the  well,  and  adapted  it  to  this  work 
by  removing  the  pawls  from  the  hollow  iron  cylinder.  A  steel  bar  IJ" 
by  1^''  was  placed  across  the  above-mentioned  cylinder,  work- 
ing horizontally  in  two  rectangulai-  slots ;  its  center  was  pierced 
by  a  hole,  through  which  a  steel  pin  was  passed,  which  pro- 
jected on  each  side  of  the  bar;  against  these  projections  the 
prongs  of  a  steel  forked-shaped  spring  impinged  and  pressed 
the  bar  always  in  the  direction  of  the  end  in  which  the  cutter 
was  fastened.  The  cutter  was  rounded  and  had  serrated  edges, 
and  was  fastened  on  the  bar,  which  had  a  sliding  motion.  The 
extent  of  this  horizontal  movement  was  controlled  by  two  pins 
passing  through  sides  of  cylinder  and  through  longitudinal  slots 
in  bar ;  the  latter  were  one  inch  long.  To  use  this  tool  we  press 
in  the  cutter  while  inserting  the  tool  in  the  pipe,  and  as  the  [ 
latter  is  lowered  the  point  of  the  cutter  will  make  a  mark  down  ^^ 
the  inside  of  the  pipe,  but  one  which  will  not  injure  it.  When 
the  tool  hsis  reached  the  place  at  which  the  pipe  is  to  be  cut 
through  we  commence  to  turn  it  around,  and,  as  the  outer  line 
of  the  teeth  of  the  cutter  is  a  circle,  the  deeper  the  incision  in 
the  pipe  the  gi'eater  number  of  teeth  will  come  in  contact  with 
the  substance  of  the  pipe.  If  the  first  attempt  is  unsuccessful 
and  the  cutter  is  dulled  before  the  pipe  is  cut  through,  com- 
pelling us  te  withdraw  the  tool  in  order  to  sharpen  the  cutter, 
it  is  found  very  difficult  to  resume  the  work  at  the  same  place, 
owing  to  the  expansion  of  the  system  of  rods  due  to  the  length  suspended 
and  the  increased  temperature  at  great  depths.  This  difficulty  was 
overcome  by  placing  an  iron  plate  8  inches  diameter  on 
the  system  of  rods,  with  a  hole  in  it  so  that  the  rods  might 
turn  freely,  the  upward  movement  of  the  plate  being  con- 
trolled by  a  small  collar  fastened  to  the  rods  by  a  set-screw, 
the  bottom  of  this  plate  to  be  at  a  distance  above  the  cut- 
ter which  should  be  equal  to  the  length  of  pipe  we  wish  to 
remove  at  any  one  time.  Then,  as  the  cutter  reaches  its 
position,  the  plate  will  catch  on  top  of  the  7-inch  pipe  and 
the  small  collar  will  hold  the  rods,  so  that  the  cutter  can 

only  have  a  horizontal  motion  around  the  axis  of  the  rods.  * 

It  cjvn  be  readily  seen  that  by  keeping  this  i)late  and  collai* 
on  the  rods  that  the  same  place  in  the  pipe  will  be  reached 
each  time  that  it  is  lowered  after  sharpening  the  cutter. 
After  the  pipe  was  cut  through  it  was  found  impossible  to 
raise  the  tool  until  the  cutter  was  broken  off,  but  there  was 
no  difficulty  in  doing  this. 

The  next  tool  fabricated  was  one  to  rivet  together  sec- 
tions of  pipe  30  feet  long,  it  being  anticipated  that  we 
would  insert  this  7-inch  pipe  into  the  well  after  it  had  been 
repaired,  in  lengths  of  30  feet  at  least,  until  it  reached  below  the  8-inch 
pipe.    This  tool  is  composed  of  two  cast-iron  solid  segments  of  cylin- 


-B 


B 


220 


REPORT   OF   THE    CHIEF    OF    ORDNANCE. 


ders  attached  to  the  lower  extremities  of  two  rods  with  a  wedge,  wliicb 
has  a  vertical  motion,  suspended  between  them,  the  edge  of  the  latter 
being  upward.  The  outer  surfaces  of  the  two  segments  and  the  ends 
of  the  wedge,  when  it  is  pulled  up,  form  a  solid  cylinder  the  diameter 
of  which  varies  with  the  height  of  the  wedge.  The  niodus  operandi  is  to 
lower  the  pipe  into  the  well  and  then  to  hoist  a  30-foot  section  up  into 
the  well-tower ;  the  bottom  of  the  latter  is  then  driven  into  the  top  of 
the  former  by  blows  on  top  of  the  new  section  of  pipe.  The  holes  for 
the  rivets  were  then  drilleil  through  both  pipes  and  soft  screws  inserted: 
the  riveting  tool  is  then  lowered  so  that  the  segments  of  the  cylinders 
cover  the  joint  of  the  pipes  which  are  to  be  fastened  together;  the 
wedge  is  then  raised  by  turning  the  nut  on  the  top  of  the  vertical  screw 
which  holds  it  in  suspension.  Kaising  the  wedge  presses  the  segments 
against  the  inside  of  the  pipe  and  rivets ;  then  the  latter  are  hammer»l 
from  the  outside,  and  the  nut  being  reverse<l  the  screw  and  wedge 
attached  to  it  are  lowered,  the  segments  approach  each  otht^r  and  the 
pipe  descends  into  the  well.  As  soon  as  the  pipe  is  let  down  into  the 
well  sufficiently  the  riveting  tool  is  raised  out  of  it. 

We  found  that  the  operation  of  withdrawing  portions  of  pij^e  firam 
the  well-bore  required  a  power  far  exceeding  the  strength  of  our  en^ne 
and  steel-wire  roi)e.  The  power  exertetl  to  do  this  amounted  in  sonw 
instances  to  more  than  30  tons.  In  order  to  apply  the  hydraulic  pomps 
to  the  rods  we  made  a  system  of  clamps  and  wedges,  and,  after  secur- 
ing a  good  hold  on  the  rods  with  these,  we  placed  the  hydraulic  pumps 
under  the  edges  of  the  former.    The  clamp  consists  of  four  steel  plates,  the 

smaller  ones  were  placed  between 
the  two  larger,  and  each  was 
pierced  with  a  1-inch  hole.  Hie 
plates  were  assembled  aronnd 
the  rods  and  were  held  in  position 
by  two  bolts.  Two  steel  wedges 
were  driven  in  on  each  side  of 
the  rods  between  them  and  the 
edges  of  the  smaller  steel  plat^ 
then  the  pumps  were  applied  to 
the  bottom^edges  of  the  larger 
plates,  one  on  each  side,  and  th« 
greater  the  pressure  employed 
the  more  firmly  did  the  wedges 
grasp  the  rods.  In  extricating 
tools  which  had  become  fast  in 
the  well,  in  some  instances  two  of 
these  clamps  were  used,  one  ahove 
the  other,  and  at  right  angles  to 
each  other,  so  that  four  pumps 
could  be  employed  simultane 
ously. 

Besides  manufacturing  tools, 
some  work  had  to  be  performe^l 
on  well  tower  and  machinery;  all 
of  the  latter,  save  lever  and  the 
steam-cylinder  which  worked  it^ 


^ 


V 


were  removed  to  the  south  of  the  well,  so  that  the  machinery  should  no 
longer  feel  the  constant  jar  created  by  the  lever  in  boring.  The  system 
of  rods,  weighing  over  6,000  pounds,  alternately  raised  and  lowered  20 
inches,  and  this  twenty-five  times perniinute,causedaconsider  ab 
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which  was  commiinicated  to  the  frame  of  the  lever,  and  by  it  to  the  floor 
timbers  and  to  all  the  ma<;limery  supported  by  them.  This  tremor, 
which  was  felt  by  everything  on  the  same  foundation  as  lever,  proved 
injurious  to  pii>e  and  rod  connections,  &c.,  therefore  a  shed-room  was 
built  on  south  side  of  well  on  a  separate  foundation  from  that  on  which 
old  machinery  stood,  large  enough  for  steam-engine,  boiler,  hoisting- 
machine,  reel  for  pump-rope,  &c.  The  shaking,  which  is  unavoidable  in 
working  the  lever  witJi  its  rods  and  weight,  is  not  felt  in  this  new  room. 

Again,  we  had  been  very  much  cramped  for  room  during  the  last  year 
tiiat  we  had  worked.  Fifty  rods  and  many  tools  were  suspended  around 
the  well-hole,  and  there  was  hardly  room  enough  to  work.  We  were  com- 
pelled after  using  certain  tools  and  employing  many  rods  to  place  thcin 
oatside  of  th©  tower  until  they  were  wanted.  Carrying  30-foot  rods  out 
and  in  the  tower  occupied  much  time,  and  proved  very  inconvenient ; 
besides,  they  did  not  maintain  their  straightness  when  lying  on  the 
ground  or  skids  as  well  as  if  they  were  suspended.  It  was,  therefore, 
determined  to  raise  the  well-tower  another  story.  AfUr  this  was  done 
a  new  rack  and  frame  was  made  and  placed  in  uppei  part  of  tower. 
From  this  the  poles  and  tools  were  suspended,  and  there  was  abundant 
$pace  below  them  to  allow  the  men  to  w  crk. 

The  flat  wire-rope,  sheave,  and  metal  boxes  of  hoisting  apparatus 
were  worn  oat  and  had  all  to  be  replaced.  The  ^  ire  pump-rope, 
already  weak  in  places,  wjvs  considered  unserviceable,  notwithstanding 
great  care  had  been  taken  to  preserve  it  during  the  two  years  that 
it  was  allowed  to  be  idle.  Finally,  after  having  to  I'xpend  most  of 
flie  appropriation  on  tools  and  machinery,  the  work  itself  was  really 
commenced.  We  first  cleared  the  well  of  the  deep-well  pump  which 
had  been  used  to  raise  the  water  and  to  force  it  int<i  the  other  well 
as  described  above.  When  this  was  done  a  wooden  block  was  lowered 
to  feel  for  the  top  of  the  7-inch  pipe,  which  was  found  303  feet  below 
the  surface  of  the  ground.  A  cylinder  gauge  made  of  wood  was  low- 
ered 540  feet  to  ascertain  if  the  pipe  was  free  to  that  distance,  so  that 
arrangements  might  be  made  to  cut  off  200  feet  of  it.  As  every- 
thing waa  clear,  the  cutting-tool  wae  placed  in  well,  but  could  not  de- 
scend beyond  a  de\)th  of  330  feet.  It  had  entered  the  7-inch  pipe  27  feet, 
but  could  be  forced  down  no  further.  After  withdrawini^  it  and  attempt- 
ing several  times  to  remove  the  obstruction  by  using  ditt<5rent  tools,  and 
our  eiibrts  proving  unsuccessful,  it  was  determined  to  u^e  the  pipe-ex- 
tractor, which  was  (^escribed  on  page  50,  Report  of  the  Chief  of  Ordnance 
for  1876.  We  finally  extricated  from  the  well  46  feet  8  inches  of  pipe. 
This  was  accomplislW  by  using  the  hydraulic  pumps  and  breaking  the 
rivets  which  held  it  together.  Our  next  attemi>t  was  to  cut  the  pipe  at 
a  distance  of  560  feet  from  the  top  of  it.  The  cutter  became  so  dull  that 
the  tool  had  to  be  raided  and  a  new  one  substituted  for  it  twice  before 
we  effected  our  object;  The  pipe-extractor  when  employed  brought  up 
210  feet  of  pipe,  but  we  had  to  use  the  wooden  clamps  on  the  outside  of 
the  pipe  and  two  hydraulic  pumps  before  we  could  start  it  upward.  Sev- 
eral successful  efforts  were  then  made,  during  which  no  serious  accident 
occurred,  to  remove  sections  of  pipe,  and  680  feet  were  removed  from 
the  well.  If  one  tool  failed  us  we  tried  another.  In  soice  instances  the 
pipe  was  cut  through  in  two  trials,  but  it  generally  requjr  1  more.  The 
pipe-extractor  threatened  to  give  us  trouble,  for  the  woode  n  block  belong- 
ing to  it  would  swell  to  such  an  extent  by  the  absorptioii  of  water  that 
after  raising  the  pipe  from  the  well  it  was  found  necessiiry  to  cut  away 
the  pipe  in  order  to  extricfite  it. 

After  accomplishing  the  above,  preparations  were  nuule  to  cut  the 
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pipe  through  940  feet  from  the  surface  of  the  ground,  or  l9  feet  above 
the  bottom  of  the  8-ineh  pipe.  Several  cutters  were  broken  in  tryiug  to 
accomplish  this ;  and  when  we  thought  it  was  done,  the  i)ii)e-extractor 
was  used,  and,  instead  of  bringing  up  940  feet,  it  only  extricated  22  feet 
of  pipe,  the  rivets  at  the  end  of  this  section  having  broken,  which 
accounted  for  the  pipe  yielding  at  this  particular  place.  Another  hold 
was  obtained  on  the  pipe,  but  nothing  was  accomplisheil,  atid  we  de- 
sisted in  our  attempts  to  raise  this  long  section,  and  comnieneed  to 
extract  shorter  lengths.  By  working  alternately  with  cutting-tool  and 
pipe-extractor,  and  after  many  failures,  we  found  that  we  had  removed 
922  feet  8  inches  of  the  pipe ;  this  left  the  top  of  the  7-inch  yipe  26  feet 
5  inches  within  the  8-inch  pipe. 
We  were  now  approaching  difficulties  which  had  been  anticipated, 
but  which  could  not  be  avoide<L  Our  ingenuity  failed  to  sug- 
gest any  julequate  precautions  to  be  taken  which  would  insure 
an  easy-bought  success.  As  soon  as  the  top  of  the  7-ineh  pipe 
no  longer  rested  within  the  8-inch  pipe,  the  walls  of  tiie  well-bore 
between  the  top  of  one  pipe  and  bottom  of  the  other  would  be 
unsupported,  and  would  commence  to  cave.  The  strata,  C4)m- 
posed  as  it  was  of  shale,  slate,  and  rotten  sand-rock,  would  crum- 
ble down  into  well-hole  on  top  of  the  7-inch  pipe,  and  bury  it.  In 
order  to  t  ry  to  avoid  such  a  catastrophe,  which  we  feared  would 
occur,  it  was  determined  to  make  a  desperate  eflFort  to  raise  the 
whole  of  the  pipe  remaining  in  the  well,  450  feet,  at  one  trial.  A 
hold  on  this  pipe  was  obtained  near  the  bottom  of  it,  and  we  used 
the  hydrEiulic  pumps,  but  the  pipe  was  a  fixture  in  the  well;  that 
is,  the  above  means,  which  wei^e  all  that  we  had  on  hand,  proved 
inadequate  to  move  it.  Tlie  pressure  of  the  pumps  was  applied 
with  judgment,  being  increased  very  gradually  until  the  iron  rods 
broke  at  a  distance  of  956  feet  from  the  floor  of  the  well-tower. 
This  distance  was  a  few  feet  less  than  the  length  of  the  8-inch 
pipe,  therefore  the  top  of  the  broken  system  of  rods  was  within 
the  8-inch  pipe.  The  rods  did  not  break  at  n  coupling,  but  in 
the  middle  of  a  short  rod,  10  feet  long,  and  there  was  no  im 
perfection  of  metal  to  account  for  the  breakuge.  The  rod  was 
1  inch  square,  and  it«  rapture  proved  that  ijhe  four  hydraulic 
pumps  bad  been  used  to  their  full  capacity,  and  that  a  pre^s- 
sure  of  nearly  60,000  i)ounds  must  have  been  employed  without 
moving  or  breaking  the  pipe.  After  this  accident  the  position  of 
pipes  and  tools  were  as  follows :  The  8-inch  ]>ipe  overlapi>ed  tlie 
7-inch  pipe  27  feet  4  inches,  the  top  of  the  j^oles  being  fortu 
nately  ia  that  portion  of  the  latter  which  w.is  within  the  former, 
and  the  gravel-box  of  pipe  extractor,  made  of  sheet-iron,  was  rest- 
ing on  t(»p  of  7-inch  pipe.  The  rods  and  bor  had  to  be  withdrawn 
before  anything  else  could  be  accomi)lished  towards  removing 
any  moryt3  pipe.  The  kit-extractor  was  lowered,  and,  by  the  im- 
pression taken,  it  was  ascertained  that  the  hole  in  conical  top  of 
gravel-box  was  iti  the  axis  of  the  well-hole.  An  att<»mpt  to  extract  this  was 
made  with  a  hook  on  a  swivel  at  the  end  of  punip-n)pe,  a^s  tliis  could  be 
lowered  in  a  fe\V  minutes,  while  the  system  of  rods  would  tiike  more 
than  one  hour  th  reach  this  distance  into  the  w<jll.  A  hold  on  the  top 
was  secured,  but  the  rope  parted  at  an  old  spli<;e,  leaving  an  additional 
obstruction  in  the  well  in  the  shape  of  some  huudre<l  feet  of  wire-rope. 
The  rope  and  it  s  appurtenances,  after  sevenU  trials,  were  with<lrawn 
from  the  well.     After  re-si)licing  the   wire  rope  it  was  lowered,  with 
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a  point  of  iron  at  its  extremity,  att<ached  to  which   were  four  iron 
springs.    This  tool  j^assed  through  the  hole  in  top  of  gravel- 
box,  and  when  it  was  drawn  np  the  springs  caught  the  sides 
of  box  and  brought  it  out  of  the  well.     As  the  7-inch  inpe  pro- 
jects more  than  20  feet  above  the  upper  end   of  the  bottom 
rods  in  well,  there  was  room  above  the  latter  to  permit  us  to  use 
another  pipe-extractor  in  this  pipe,  and  to  try  to  remove  some  of  it, 
and  thus  relieve  the  rods  in  well  of  a  portion  of  the  weight  which 
served   to  break  them  in  our  endeavor  to  raise  the  whole  of  it  at 
one  trial.    We  were  successftil,  and  raised  78  feet  4  inches.    On  exami- 
nation it  was  ascertained  that  the  pipe  was  not  cut  through  at  the 
depth  of  940  feet,  the  point  at  which  the  cutting  tool  had  been  work- 
ing.   This  was  owing  to  the  fact  that  the  cross-section  of  the  pipe  was 
not  a  circle  at  this  place,  but  rather  an  ellipse,  two  of  the  opposite  sides 
having  been  pressed  in  towards  the  center.    The  cutter  had  perforated 
all  the  inner  sheet  and  the  portions  of  the  outer  one  near  the  extremi- 
ties of  its  smaller  diameter,  but  the  outer  sheet  at  the  ends  of  the  larger 
diameter  wa«  intact.    By  raising  this  length  of  pipe  we  had  relieved 
the  rods  of  861  pounds  actual  weight,  but  when  we  consider  that  the 
outer  surfa<je  of  this  portion  of  pipe  was  over  1,700  square  feet,  and  the 
power  of  adhesion  to  the  walls  of  the  well-bore  was  proportional  to  it, 
we  can  realize  that  the  pressure  exerted  by  the  actual  weight  was  a 
Tery  small  component  of  the  sti'ain  that  the  rods  had  to  sustain,  and 
that  in  removing  this  length  of  pipe  the  rods  had  been  relieved  of  a 
great  portion  of  the  task  which  had  been  required  of  them. 

The  above  was  the  first  operation  towards  rectifying  the  effects  of  this 
accident;  but  the  rods  were  still  in  the  well,  and  there  was  now  a  por- 
tion of  the  walls  of  the  well  51  feet,  extending  from  bottom  of  eight-inch 
to  top  of  sev^en-inch  pipe,  uni)rotected  and  liable  to  cave. 

Ko  time  was  lost  in  trying  to  get  a  firm  hold  of  upper  extremity  of 
rods  in  well.  Several  tools  were  made  of  different  patterns,  but  all 
proved  ineffectual,  our  hold  on  top  of  rods  yielding  before  a  pressure 
adequate  to  raise  them  could  be  applied.  Our  next  attempt  was  to  un- 
screw a  portion  of  the  rods  and  to  raise  these  from  the  well ;  about  40 
feet  above  the  gravel  and  block  there  was  a  loose  joint,  and  if  a  suf- 
ficient hold  could  be  obtained  of  the  top  of  the  rods,  we  might  unscrew 
the  upi)er  ones.  Several  attempts  were  made  to  effect  this,  but  oui' 
hold  on  the  rods  slipped,  or  the  leverage  of  956  feet  from  top  of  rods  to 
the  plaee  of  applying  the  power  with  the  elasticity  of  the  rods  pre- 
vented our  unscrewing  them  at  the  loose  joint.  Our  exertions  to  take 
hold  of  the  rods  and  the  constant  blows  the  top  of  them  received  from 
the  tools  in  trying  to  effect  this  pushed  the  whole  system  in  the  well 
down  until  the  block  was  worked  below  the  pipe,  when  the  gravel 
escape^l  out  into  the  well-hole  and  the  claw  tool  obtaining  a  hold  6n  the 
coupling  just  below  the  rupture  brought  rods  and  block  to  surface  veiy 
unexpectedly.  This  method  of  freeing  the  well  from  this  tool  when  it 
was  found  impossible  to  raise  it  was  one  of  the  considerations  which  in- 
duct us  to  use  it,  but  it  was  not  tried  in  this  instance,  as  it  was  sup- 
posed that  the  whole  well  below  the  7-inch  pipe  was  filled  with  loose 
rock  and  eartli,  and  that  there  was  no  room  for  either  block  or  gravel. 

We  next  raised  out  of  the  well  30  feet  more  of  pipe,  leaving  a  dis- 
tance of  81  feet  of  bore  of  which  the  walls  were  not  protected.  Our 
prosY>ects  were  now  encouraging,  as  we  experienced  very  little  difficulty 
in  achieving  this  last  result.  The  well  was  left  in  this  condition  on 
ftto]>ping  work  at  night,  and  it  was  resumed  with  sanguine  anticipation 
on  the  following  day.    These  were  soon  exchanged  for  gloomy  fore- 
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bodiags,  for,  on  lowering  the  pipe  extractor,  it  waa  ascertained  that 
during  the  night  the  walls  of  the  well  had  caved  in  on  top  of  pipe  at  a 
distance  from  the  surfac^e  of  the  ground  of  1,030  feet.  This  d'bri* 
was  bored  through  with  an  auger,  and,  after  penetrating  it  and 
reaching  the  pipe,  the  tool  desceuded  freely  in  the  latter.  It  was 
found  that  the  pipe  extrtictor  couhl  not  enter  the  pipe,  as  there 
was  some  obstacle  on  top  of  it  which  the  auger  could  pass  by, 
but  which  was  large  enough  to  obstinict  the  passage  of  this  tool, 
while  the  same  obstacle  kept  the  debris  above  from  filling  up  the 
pipe. 

In  raising  the  auger  on  one  occasion  the  workman  was  certain  that 
he  had  caught  hold  of  this  piece  of  rock  or  sheet-iron  and  was  lifting  it 
out,  but  when  the  auger  was  within  210  feet  of  the  surface  a  sudden 
jar  of  the  rods  convinced  him  that  it  had  escaped  and  fallen  back  into 
the  well.  On  lowering  the  tools  it  was  ascertained  that  they  would  not 
enter  the  pipe,  and  the  piece  of  rock  or  hard  substance  was  felt  on  tq> 
of  it.  A  double  worm  was  then  tried,  several  attempts  were  made,  and 
in  some  cases  this  obstacle  was  nearly  raised  to  the  top,  but  fell 
back  into  the  well.  It  was  then  determined  to  break  it  up  and 
extract  it  in  fragments.  A  solid  inverted  cone  was  screwed  od 
to  the  rods  and  slide,  the  whole  system  was  raised  and  allowed 
to  fall,  but  this  did  not  break  it  up  so  that  we  could  remove  it 
The  idea  of  extricating  ourselves  from  this  difficulty  in  this 
manner  was  finally  abandoned,  and  we  commenced,  to  use  a 
shari)-pointed  drill  and  to  bore  in  the  usual  way,  but  without 
side  cutters,  using  the  pump  alternately  with  the  drill.  By 
continuous  employment  of  these  tools  we.  reached  the  top  of  the  pipe 
and  entered  it  to  a  depth  of  100  feet,  when  we  found  it  filled  up  to  that 
height  with  caved  rock  and  ejirth.  Tliis  length  of  pipe  afforded  ua  an- 
other opportunity  of  using  the  pipe  extractor,  and  a  hold  on  the  former 
was  obtained  at  a  distance  of  70  feet  below  its  top.  The  clamps,  wedges, 
and  hydraulic  pumps  were  applied,  and  the  pressure  was  increased  very 
gradually,  the  full  strain  of  the  four  pumps  being  left  on  during  the 
night.  The  following  morning  the  influence  of  the  piunps  began  to  tell 
on  the  system  of  rods,  and  they  yielded  gradually,  inch  by  inch,  until 
the  portion  of  the  lower  pipe  we  were  raising  had  entered  the  8  inch 
pipe,  when  the  hoisting  apparatus  was  found  strong  enough  to  raise  them 
out  of  the  weU. 

The  difficulty  experienced  in  raising  this  pipe  after  its  adhesion  to  the 
walls  of  the  well  hail  been  broken,  and  it  had  started  on  its  upward  jour- 
ney, made  one  realize  the  amount  of  Iriction  which  would  have  to  be 
overcome  in  the  work  which  remained  to  be  accomplished.  The  rods 
brought  up  on  this  occasion  79  feet  3  inches  of  pipe;  this  last  above  the 
block  was  filled  with  water,  mud,  rocks,  and  small  pieces  of  sheet-iron. 
The  surface  of  the  pipe  was  pressed  in.  and  broken  through  in  several 
places,  apparently  by  a  loose  rock  between  the  pipe  and  walls  of  the  well, 
which  worked  its  way  up  as  the  pipe  ascendent. 

During  one  night  the  well  caved  at  a  distance  of  1,079  feet  3  inches 
from  surfiice,  so  as  to  cover  up  the  top  of  lower  x>ipe  4:0  feet.  We  bored 
through  this  d6bri8^  but  the  sides  caved  as  the  drill  descended,  and  it 
was  raised  from  the  well  with  difficulty.  After  many  attemptiS  the  well 
was  cleared  out  to  a  certain  distance,  and,  being  left  overnight^  caved  so 
that  we  were  occupied  during  the  whole  of  the  following  day  in  drilling 
through  the  rock  and  earth  which  had  fallen  in  and  choked  up  the  well- 
bore.  No  difficulty  was  experienced  in  boring  through  the  dibris  which 
seemed  to  fill  the  well  during  the  night,  but  the  tools  became  en- 
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cumbered  with  caves  which  occurred  durlug  the  day,  so  that  the  lever 
had  to  lift,  iu  boring,  not  only  the  rods  and  drill,  but  a  large  mass  of 
rock  and  earth  at  each  stroke.  On  stopping  work  at  nigh^  as  a  pre- 
cautionary measure,  the  tools  had  to  be  drawn  up  into  the  8-inch  pipe 
for  fear  they  would  be  buried,  so  that  we  could  not  get  them  out  of  the 
well.  The  pump  was  constantly  bringing  up  a  full  load  on  each  occa- 
sion, but  the  more  matter  removed  from  the  well,  the  more  seemed  to 
fall  into  it  from  this  unseen  source  nearly  a  quarter  of  a  mile  below  us. 
It  would  be  a  matter  of  repetition  to  describe  the  efforts  made  and  tools 
employed  to  remove  the  effects  of  the  caring  and  to  deepen  the  well- 
hole  so  as  to  withdraw  the  253  feet  of  pipe  still  in  it  All  the  above 
proved  useless,  and  the  situation  was  a  desperate  one. 

The  condition  of  the  well  was  as  follows :  From  the  bottom  of  8-inch  to 
the  top  of  7-inch  pipe,  a  distance  of  160  feet  3  inches,  the  walls  of  well 
were  unprotected  and  had  caved  in,  filling  up  the  pipe  and  bore  ^ 
of  well  to  a  distance  of  377  feet  10  inches.    Forty  feet  of  this  I 
filling  was  above  the  pipe  and  prevented  our  tools  from  reach-  -jn 
ing  it.    There  remained  in  the  well  below  this  mass  of  rock  g^ 
and  earth  253  feet  6  inches  of  pipe,  and  below  thii^  again  35  feet  %*< 
1  inch  of  bore,unprotected  by  pipe.    An  experienced  well-borer  ^ 
from  Pennsylvania,  who  witnessed  the  futile  attempts  made  ^ 
to  remove  these  quicksands,  as  you  might  call  them,  said,  if  ^ 
such  an  accident  had  occurred  in  the  oil  regions,  that  the  work- 
men would  immediately  abandon  the  holeand  sink  another  one. 
This  accident  leaves  the  well  in  a  situation  which  will  require 
time  and  money  to  rectify  it,  but  its  consequences  are  far  from 
irreparable.    The  best  method  to  insure  success  in  removing 
these  incumbrances  from  the  well  will  be  to  lower  a  7-inch  ?5 
pipe,  with  a  lip  on  its  outside  surface,  until  the  bottom  of  it 
rests  on  top  of  pipe  now  in  well.    Then  the  pipe  in  well  can  be 
cleared  through  this  of  the  products  of  the  cavings  and  of  the 
broken  drill  in  bottom  of  well-hole.    We  can  then  take  hold  of 
it  wijh  the  expanding  tool  (described  on  page  692,  Report  of 
Chief  of  Ordnance,  1877)  by  allowing  the  tool  to  pass  down,  so 
that  the  cutters  could  expand  ami  take  hold  under  the  steel  ^ 
ring  at  the  bottom  of  the  old  pipe.    The  new  pipe  could  be  §^ 
raised  by  wooden  clamps  around  th^  outside  of  it,  and  the  old  ^^ 
pipe  by  the  large  iron  rods  one  and  a  half  inch  square.    Both  k 
should  ascend  simultaneously,  so  that  the  bottom  of  the  new  ^ 
pi[>e  should  rest,  until  it  entered  the  8-inch  pipe,  on  the  top  of  5» 
the  lower  pipe.    This  would  protect  the  well  from  the  caving  ^ 
of  its  sides.    From  the  above  position  the  upper  pipe  could  be  «^ 
raised  first  and  then  the  lower  one.  ; 

The  above  plan,  which  is  the  best  that  suggested  itself  to  ^- 
my  mind,  required  for  its  execution  more  time  than  would  • 
elapse  before  the  expiration  of  the  fiscal  year,  when  the  work  t^ 
would  have  to  be  discontinued,  as  Congress  had  not  made  any 
appropriation  to  continue  it  during  the  present  year.  Under 
these  circumstances  it  would  be  folly  to  put  any  more  pipe  in 
the  well  only  to  become  a  fixture  there,  which  would  cost  money  and 
time  to  extricate.  It  was  determined,  therefore,  to  purchase  some  more 
wire  rope  and  the  tools  which  would  be  needed  to  complete  this  work, 
and  to  repair  all  the  pipe  which  had  been  taken  from  the  well. 

As  the  analysis  of  the  water  obtained  from  the  l,4:07-foot  level  was 
not  very  encouraging,  it  was  decided  to  make  arrangements  to  utilize 
that  which  came  from  the  stream  which  was  met  with  at  960  feet  from 
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the  surface.  In  order  to  effect  this  it  wouhl  be  necessary  to  stop  the 
water  which  entered  the  well  at  the  1,407  foot  level  from  rising  and 
mixing?  with  the  better  water  obtained  at  the  lesser  depth.  The  bore 
was  already  filled  up  377  feet*  above  the  lower  source  of  water  with 
earth,  &c.  This  mass  was  rammed  down  to  increa.se  its  density,  tben  a 
number  of  gitiin-sacks  made  into  wads  were  pressed  down  on  top  of  it. 
Above  these  we  lowered  and  spread  out  three  barrels  of  cenaent  and 
two  barrels  of  sand,  and  allowed  a  week  to  elapse  to  ^ve  these  time  to 
settle  down  and  to  acquire  the  consistency  of  glue.  Over  the  cement 
and  sand  we  placed  more  sacks  and  pressed  them  down  into  this  half- 
hardened  substance  expecting  that  the  material  of  which  tl  e  bugs  were 
made  would  bind  the  mass  together  into  a  solid  water-tight  bottom  to 
the  upper  part  of  the  well.  In  measuring  some  time  afterwards  the 
depth  of  these  obstructions  we  ascertained  that  there  were  6i  feet  of 
this  conglomerate  on  top  of  the  filling  which  cane  from  the  caving  of 
walls  of  well.  When  a  sufficient  time  had  elapsed  for  the  cement  to 
set  and  to  harden  the  mass,  the  deep-well  pump  was  lowered  300  feet 
into  the  well,  and  the  piston-rod  was  connected  with  the  lever,  which 
was  worked  by  the  steam  cylinder.  The  water  discharged  at  first  was 
fix)thj^,  opaque,  accompanied  by  gas  which  readily  ignited  at  the  montli 
of  the  well;  its  temperature  increased  to  80^  and  the  taste  was  unpleas- 
ant. The  quantity  delivered  was  estimated  to  be  1,000  gallons  per  honr. 
As  the  pumping  was  continued  the  gas  gradually  disapi^eared,  the  water 
becoming  clear  and  soft;  the  unpleasant  taste  to  a  great  extent  was  lost, 
and  the  temperature  continued  high.  The  water  contains  no  lime  nor 
any  salt  which  might  form  a  crust  on  the  inside  of  the  boilers ;  it  can 
therefore  be  used  in  them  and  for  irrigating  purposes.  The  chemist 
reports  that  it  contains  organic  matter,  and  is,  therefore,  unfit  for  food. 
The  water  was  pumped  continuously  for  forty-two  hours  and  the  quan 
tity  remained  the  same  as  at  the  beginning,  while  the  quality  improved. 
I  have  nearly  completed  a  brass  force-pump  with  a  piston  of  5  inches 
diameter,  which  will  furnish,  with  the  present  machinery,  about  3,000 
gallons  an  hour.  The  above  requires  an  exi)enditure  of  fuel,  but  the 
government  can  obtain  an  abundant  supply  of  water  from  this  well  at 
a  very  low  cost.  An  appropriation  of  $800  to  build  a  windmill  over 
this  well  would  enable  us  to  obtain  a  supply  of  water  with  which  we 
might  defy  the  dry  season  of  California  and  its  withering  effects  on  all 
veniure. 

It  has  been  suggested  tome  by  some  parties  that  when  we  commence 
to  use  this  water  freely,  the  traces  of  organic  matter  in  it  may  di8a])pear, 
and  then  it  will  be  useful  for  all  purposes ;  and  it  has  also  occurre<i  to 
me  that  we  could  increase  the  supply  of  water,  or  might  even  obtain  a 
flowing  well  of  sufficient  capacity  to  supply  the  wants  of  this  post,  hy 
opening  the  fissures  in  the  strata  at  the  IHJO-foot  level.  This  could  he 
effected  by  exploding  a  cartridge  of  giant  powder  or  nitro- glycerine  at 
this  depth  by  means  of  an  electric  current.  I  hear  that  this  plan  is  fre- 
quently adopted  in  the  oil  regions  to  increase  the  flow  of  oil  from  a  well 
when  it  begins  to  fail,  and  that  it  very  often  ])roves  successful.  Then* 
is  one  objection  to  the  use  of  this  i)lan,  however,  in  the  artesian  well 
here,  for  if  we  fail  to  obtain  a  flowing  well  of  sufficient  c^ipacity  for  our 
wants  by  this  means,  and  have  to  sink  the  well  deeper,  then  we  may 
have  some  difficulty  in  passing  this  mine  created  by  ourselves,  because 
the  surrounding  strata,  haviiig  been  loosened  by  the  explosion,  will  fall 
against  the  pipe  and  inii)ede  its  progiess  downwards.  If  this  was  lay 
private  enterprise,  I  should  adopt  this  plan  as  one  that  might  probably 
afford  a  satisfactory  solution  to  our  endeavors  to  obtain  artesian  water. 
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In  this  connection  it  might  be  well  to  state  that  I  applied  to  Colonel 
Mendall,  of  the  United  States  Engineers,  to  ascertain  if  he  had  any 
means  at  his  disposal  for  firing  a  mine  under  water,  and  found  that  he 
had  a  magneto-electric  machine  (Beardslee's)  which  could  furnish  a  cur- 
rent of  high  intensity,  but  on  that  very  account  it  needed  perfect  insula- 
tion ;  the  wire  that  he  had  was  old  and  unfit  for  my  purpose ;  he  kindly 
offered  to  lend  me  the  wire  and  the  machine.  As  the  cartridge  and  a 
portion  of  the  wire  had  to  be  used  at  the  depth  of  970  feet,  they  would 
be  subjected  to  a  pressure  of  450  pounds  to  the  square  inch.  This  press- 
ure would  require  a  small  Atlantic  cable  to  resist  it,  and  I  was  fortunate 
in  finding  in  the  United  States  Coast  and  Greodetic  Survey  Office,  in  San 
Francisco,  an  insulated  cable  which  was  brought  out  here  by  Professor 
Agassiz  for  taking  temperatures  at  great  depths.  The  use  of  this  was 
kindly  offered  to  me  by  Professor  Davidson  of  the  United  States  Coast 
Sorvey  Department.  The  above  suggestion  of  exploding  a  cartridge  just 
below  the  8-inch  pipe  in  the  well  is  submitted  for  your  consideration, 
and  yon  will  perceive  that,  owing  to  the  kindness  of  friends,  it  can  be 
carried  out  with  a  small  expense  to  the  Ordnance  Dei)artment. 

I  have  proved  by  the  above  that  we  can  readily  remove  all  the  ob- 
staractions  now  in  the  well,  and  our  former  achievements  in  boring  at 
great  depths  demonstrate  that  we  can  sink  the  well  to  any  reqmred 
(iifitance.  Machinery,  tools,  and  pipe  are  all  prepared  to  bore  the  well 
to  a  depth  of  2,073  feet,  and  we  only  wait  for  a  further  appropriation  to 
eontinue  the  work. 


■■■ 


APPENDIX  M. 

MEASUREMENT  OF   POWDER    PRESSURES    IN  CANNON    BY  COMPRESSIOH 

OF  OIL.     DR.  VV.  E.  WOODBRIDGE. 

(Eleven  plates:) 
Experiments  at  Washington  Arsenal,  1854-'55. 

Washington,  January  18, 1853. 

Sib  :  I  have  recently  constructed  an  apparatus  designed  to  ascertaii 
the  pressure  per  square  inch  exerted  by  fired  gunpowder,  either  within 
a  cannon  charged  in  the  ordinary  maimer,  or  otherwise  confined. 

In  the  method  I  have  devised  it  is  proposed  to  measure  the  force  of 
the  explosion  by  the  registered  compression  of  a  liquid  contained  within 
a  piezometer,  which  is  secured  within  a  gun  while  it  is  discharged.  The 
compression  thus  produced  is  compared  with  the  compression  produced 
by  submitting  the  instrument  to  a  known  pressure  by  means  of  a  hj 
drostatic  apparatus  (which  I  also  possess),  and  the  actual  pressure  is  de- 
duced from  the  comparison. 

I  have  made  a  small  number  of  experiments  with  the  instrument  men 
tioned,  but  am  not  in  possession  of  the  means  of  giving  the  experim^ti 
the  completeness  which  would  result  from  the  employment  of  guns  of 
different  calibers. 

The  determination  of  the  pressure  of  fired  gunpowder  under  the  vari 
ous  conditions  of  its  use  in  service  appears  to  me  to  have,  in  addition  to 
its  scientific  interest,  an  important  practical  bearing  on  the  subject  of 
gunnery  5  and  with  this  view,  I  very  respectfully  request  the  aid  of  yoor 
department  in  making  some  further  experiments.  Ko  great  expenditure 
would,  I  think,  be  demanded  to  conduct  the  experiments  to  useful  re^ 
suits.  The  employment  of  guns  already  in  service  and  the  expenditure 
of  the  requisite  ammunition  would  be  the  principal  items  of-  expense. 
I  am,  sir,  verv  respectfully,  your  obedient  servant, 

W.  E.  WOODBKIDGE. 

Col.  Henry  K.  Craig, 

Chief  of  the  Ordnance  Department 


Washington  Arsenal,  January  22,  1853. 

Sir  :  la  reply  to  your  letter  of  the  20th  instant,  relative  to  the  exper 
iments  proposed  by  Dr.  Woodbridge  for  measuring  the  force  of  fired 
gunpowder,  I  have  to  say :  That  the  determination  of  the  pressure  ex- 
erted by  the  elastic  gases  produced  by  the  combustion  of  gunpowder  is 
an  element  of  the  first  importance  in  the  theory  and  practice  of  gunnery, 
and  the  measure  of  this  pressure  is  indispensable  in  all  mathematical 
comput<ations  of  the  eiiects  of  gunpowder  on  the  projectile  or  on  tJie 
gun.  The  only  experiments  on  this  subject,  of  which  I  have  any  knowl- 
edge, are  those  of  Count  Rumford,  and  they  are  accordingly  stiirreferred 
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^tio  by  mathematicians  in  all  discussions  relative  to  the  force  of  fired  gun- 
powder. (See  Piobert, ''  TraiU  W Artillerie,^)  But  interesting  and  curi- 
ous as  these  experiments  were,  the  deductions  made  from  them  are 
liable  to  many  objections,  on  account  of  obvious  causes  of  error  and 
uncertainty  in  the  results,  and  an  accurate  solution  of  the  questions  in- 
irolved  in  them  is  still  highly  desirable  for  scientific  and  practical  pur- 
poses. 

Dr.  Woodbridge  has  explained  to  me  the  method  which  he  proposes 
to  employ  for  accomplishing  this  object.  He  informs  me  that  an  instru- 
ment constructed  on  a  somewhat  similar  principle  was  used  by  Perkins 
in  bis  experiments  on  the  compressibility  of  liquids,  and  Dr.  Woodbridge 
has  tested  his  own  apparatus  by  some  trials^  on  a  moderate  scale,  which 
appear  to  him  satisfactory.  Under  these  circumstances,  therefore,  and 
without  entering  into  a  minute  discussion  of  the  proposed  plan,  I  am  of 
opinion  that  a  further  trial  is  worthy  of  the  attention  of  the  Ordnance 
Department.  It  would  be  curious,  and  creditable  to  the  department  as 
well  as  to  the  inventor,  if  another  American  philosopher  should  perfect 
the  work  so  well  begun  by  Eumford. 

With  regard  to  the  probable  cost  of  prosecuting  these  experiments  to 
a  useful  extent  it  is  difficult  for  me  to  form  an  estimate  at  this  time. 
The  guns  which  might  be  used  for  the  purpose  would  have  to  be  after- 
wards classed  as  unfit  for  ordinary  service,  but  I  think  that  guns  of  old 
pattern,  and  condemned  on  that  account  as  unserviceable,  might  be  made 
use  of  for  these  experiments,  and  the  gunpowder,  shot,  and  other  mate- 
rials would  involve  very  little  cost.  Dr.  Woodbridge  ought  to  receive 
some  remuneration  for  his  expenses  during  the  time  he  may  devote  to 
the  work  ;  the  other  expenditures  for  labor  and  workmanship  would  be 
but  small,  and  I  should  think  that  the  sum  of  $500  would  defray  all  the 
exjienses  (exclusive  of  the  guns  and  ammunition)  which  it  would  be 
necessary  to  incur  in  obtaining  many  interesting  and  useful  results,  if 
the  experiments  should  be  made  at  an  arsenal. 

A  few  preliminary  trials,  involving  very  little  cost,  would  serve  to  t^st 
the  sufficiency  of  the  proposed  apparatus  and  the  general  accuracy  of 
the  results  to  be  expected  from  its  use.  I  hope,  therefore,  that  you  may 
feel  justified  in  furnishing  Dr.  Woodbridge  with  the  means  of  prosecut- 
ing his  experiments  on  this  interesting  subject. 

Dr.  Woodbridge's  letter  is  herewith  returned. 
Respectfully,  your  obedient  servant, 

A.  MORDECAI, 
Captain  Ordnance^  Brevet  Major. 

Col.  H.  K.  Cbaig, 

Ordnance  Department, 

[First  indorsemeut.] 

Oednance  Office,  January  24, 1853. 

Resi>ectfully  submitted  to  the  Secretary  of  War.  I  regard  the  pro- 
posed experiments  as  highly  interesting  both  in  a  scientific  and  practical 
point  of  view,  and  recommend  that  they  be  authorized  as  suggested  in 
this  letter;  the  actual  expenditures  (not  to  exceed  $500)  to  be  defrayed 
from  the  appropriation  for  **  ordnance  service,^  which  is  applicable  to 
the  purpose. 

H.  K.  CRAIG, 
Colonel  Ordnance. 
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[Second  indarsement.] 

Approved. 

r.  M.  CX)NRAD, 
Secretary  of  War. 

January  28, 1853. 


Perth  Amboy,  Dece^nber  18, 1855. 

Sir  :  I  sead  herewith  an  account  of  the  exi>eriments  on  the  pressure 
of  fired  gunpowder,  undertaken  in  accordance  with  a  notice  of  their 
authorization  received  from  your  department  in  February,  1853,  together 
with  their  results  and  such  particulars  as  are  of  Interest  in  the  present 
stage  of  the  experiments.  The  results  present,  I  suppose,  the  most  ac 
curate  knowledge  we  have  upon  the  particular  subject  to  which  they  re 
late,  and  the  experiments  have  served  to  afford  instructions,  such  as  are 
generally  gained  only  from  experience,  which  would  be  of  much  valae 
in  a  more  extended  course  if  they  should  be  made.  Various  engage- 
ments, both  on  the  part  of  Major  Mordecai,  with  whom  I  have  hadtiie 
pleasure  and  honor  to  be  associated,  and  on  my  part,  have  l>een  thf 
nece^ssary  cause  of  delay.    •    •    • 

Very  respectfuUv,  your  obedient  servant, 

W.  E.  WOODBRIDGE. 

Col.  H.  K.  Craig, 

Chief  of  Ordnance  Department. 


Washington,  iV'oi'eiw^er  3, 1856. 

Colonel  :  I  present  herewith  a  report  of  Dr.  Woodbridge,  contain- 
ing a  description,  with  drawings,  of  the  apparatus  used  by  him  in  detw- 
mining  the  compressibility  of  oil  in  connection  with  the  experiments  on 
the  pressure  of  fired  gunpowder,  which  were  made  at  the  WashingtoD 
Arsenal  whilst  I  was  in  command  there.  This  report,  the  pre\iou8  one 
of  Dr.  Woodbridge  on  the  same  subject,  and  a  printed  paper  prepared 
by  him  for  Silliman's  Journal  (a  copy  of  which  is  also  inclosed  herewitii), 
present  a  full  \iew  of  the  method  used,  and  the  results  obtained  thus 
far  in  these  experiments.  They  are  to  be  regardeil  only  as  preliminaiy 
trials  of  the  proposed  method  of  operating  on  this  interesting  subject, 
and  I  do  not  consider  them  as  having  been  carried  fiir  enough  to  enable 
us  to  pronounce  definitively  on  the  accuracy  of  the  indications  given  by 
the  instruments  used  in  the  gun  for  determining  the  pressure  against 
the  sides  of  the  bore.  But  the  results  thus  far  obtained  are,  I  think, 
sufficiently  encouraging  to  authorize  a  continuance  of  the  experiment* 
on  a  subject  which  is  of  great  importauce  in  reference  to  the  form  of 
cannon,  and  especially  to  the  best  mode  of  preWng  them. 

I  may  remark  here  that  this  subject  has  engaged  the  attention  of  the 
intelligent  corps  of  artillery  of  Prussia.  A  report  of  their  experiments 
was  published  in  December,  1853,  in  the  '' Archives  of  the  Artillery  awi- 
Engineer  Corps'^  (Vol.  34,  Part  2),  and  a  translation  of  the  paper  into 
French  will  be  found  in  the  first  volume  of  the  ''  Technologic  Militaire^ 
1854,  published  in  Belgium  by  Lieutenant-Colonel  Delobel,  a  copy  of 
which  is  among  the  books  brought  out  by  the  military  commission  re- 
cently returned  from  Europe.  The  method  adopted  in  these  Prussian 
experiments  appears  to  have  been  almost  exactly  the  same  as  that  pur- 
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sued  in  similar  iavestigatious  under  the  direction  of  Colonel  Bomford  at 
Boston — a  method  much  less  direct  and  satisfactory  in  its  application 
than  that  of  Dr.  Woodbrid^e,  if  the  latter  should,  on  further  trial,  be 
found  pei*fectly  reliable.    •     •     * 

Kesi)ectfully,  your  obedient  servant, 

A.  MORDECAI, 
Major  of  Ordnance. 
Col.  n.  K.  Craig, 

Ordnance  Department. 


In  reporting  to  the  Secretary  of  War  on  November  11,  1856,  on  the 
application  of  Dr.  Woodbridge  for  reimbursement  of  moneys  expended 
by  him,  which  exceeded  the  amount  assigned  by  the  War  Department 
to  the  purposes  of  the  experiments,  the  Colonel  of  Ordnance  stated  that 
his  intention  in  making  a  favorable  recommendation  was,  in  part,  '*  to 
hold  out  to  him  (Dr.  W.)  fair  inducements  to  prosecute  a  work  which  an 
able  and  experienced  officer  of  this  department  considers  as  affording 
prospects  of  decided  utility  in  its  future  operations." 


ACCOUNT  OF  EXPERIMENTS. 

[The  account  of  the  experiments  referred  to  in  Dr.  Woodbr%d{i^8  Utter  of 
December  IvS,  1855,  is  here  combined^  in  substance^  with  a  later  and  in  some 
respects  more  full  communication  made  to  Major  Mordecaij  and  by  him  for- 
warded to  the  Chief  of  Ordnance  under  cover  of  his  letter  dated  November 
3,  1856.] 

It  was  proposed  in  these  experiments  to  ascertain  the  pressure  of  the 
gases  evolved  by  the  combustion  of  gunpowder,  by  including  in  the 
cavity  within  which  the  pressure  should  be  restrained  a  piezometer, 
which,  by  registering  the  compression  of  a  liquid  contained  within  it, 
should  afford  an  indication  of  the  pressure  to  which  it  had  been  exposed. 

This  instrument,  as  employed  in  these  experiments,  is  a  small  cylin- 
drical vess(*l  of  steel,  inclosing  a  quantity  of  oil  destined  to  receive  the 
pressure  of  the  fluid  by  which  it  may  be  surrounded,  through  the  me- 
dium of  a  piston  which  is  carried  inward  a  distance  proportional  to  the 
amount  of  compression.  To  the  piston  is  attached  a  stem  of  wire,  ex- 
tending inward,  on  one  side  of  which  a  fine  point  is  made  to  press,  in- 
scribing, when  the  piston  is  moved,  a  line  on  the  stem  equal  in  length 
to  the  extent  of  its  motion. 

The  details  of  its  construction  were  arranged  with  reference  to  obtain- 
ing as  large  capacity  and  as  great  length  of  stroke  as  its  exterior  di- 
mensions woidd  permit — to  fixing  the  proper  relations  between  the 
volume  of  oil  required  to  fill  it,  the  area  of  the  piston,  and  the  range  of 
pressures  to  which  it  was  to  be  subjected — and  to  its  being  easily  filled 
without  including  air. 

The  piezometer  made  use  of  in  the  firing  recorded  under  date  of  IS'o- 
vember  27,  1854,  in  the  accompanying  table,  was  made  in  the  fall  of 
1852,  and  used  at  that  time  to  test  its  working,  for  a  few  firings  with  a 
four-pounder  gun,  at  Perth  Amboy,  N.  J.  Tlie  closed  end  of  the  instru- 
ment terminated  in  a  screw  half  an  inch  in  diameter,  designed  to  secure 
it  to  the  bottom  of  the  gun,  where  it  was  inserted  in  a  hole  tapped  to 
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receive  it.    The  screw  was  broken  in  the  first  experiment,  though  the 
instrument  retained  the  record  of  the  compression. 

A  second  piezometer,  similar  to  the  first,  but  attached  by  a  screw  of 
the  full  diameter  of  the  body  of  the  instrument  (one  inch),  was  employed 
in  the  second  and  third  rounds,  breaking  in  the  third. 

The  original  design  in  inserting  the  instrument  in  the  manner  men- 
tioned above  was  to  avoid  injuring  the  gun  use<l  in  these  trials  in  a  way 
that  would  render  it  unserviceable. 

The  third  piezometer,  useil  without  injury  in  all  the  subsequent  ex- 
periments, wa«  inclosed,  when  used,  in  a  hollow  plug  of  steel  screwed 
into  the  side  of  the  gun,  the  cavity  of  the  plug  and  the  bore  of  the  gun 
being  in  communication. 

It  was  essentially  like  its  predecessors,  excepting  that  the  attaching- 
screw  was  omitted.    It  is  represented  in  ftill  size  in  the  accompanying 
drawing  (Plate  I).    Figure  1  is  a  section  through  its  axis ;  Fig.  2,  an 
exterior  side  view ;  Fig.  3,  a  view  of  the  end  placed,  when  in  use,  toward 
the  bore  of  the  gun ;  Fig.  4,  of  the  opjwsite  end,  and  Fig.  5,  a  view  of 
the  piston  with  its  stem,  separately.    The  same  letters  are  used  in  re 
ferring  to  like  parts  in  each  of  the  figures.    A  is  the  body  of  the  instrn 
ment.    The  general  form  of  its  lower  (or  outer)  end  is  hemispherical, 
but  it  is  flattened  on  four  sides  (as  at  a  and  a)  for  fitting  a  socket  at- 
tached to  the  middle  of  a  small  oil-pan  used  in  filling  it    B  is  the  barrel 
to  which  the  piston  is  fitted.    It  screws  freely  into  the  body,  and  make$ 
with  it  a  close  joint ;  b  and  b  are  holes  for  the  wrench  or  screw-driver. 
C  is  the  piston,  packed  with  a  leather  ring  occupying  the  groove  ?,  Fig. 
5;  c  is  the  eye  of  the  piston,  by  means  of  which  it  is  withdrawn  or 
turned  when  required.    A  si)ecial  implement  (not  represented)  is  fitted 
to  the  eye  for  this  manipulation.    D  is  a  stem  screwed  into  the  piston. 
The  lower  end  is  squared,  to  fit  a  socket  like  that  of  a  watch-key.    As 
it  is  desirable  to  use  a  new  stem  for  each  experiment,  special  appliances^ 
were  prepared  for  making  duplicates  readily  and  with  accuracy.    They 
are  coated  with  a  thin  film  of  black  varnish  to  render  the  marks  they 
are  to  receive  more  distinct.    E  is  the  point  from  which  the  stem  re 
ceives  the  mark  recording  compression.    F  is  a  tubular  support  for  the 
point,  and  also  a  guide  for  the  stem  of  the  piston.    To  it  is  attached 
the  spring  G,  pressing  the  point  against  the  stem ;  //  are  holes  in  the 
support  to  permit  the  oil  within  it  to  escape  freely  when  the  stem  is 
suddenly  thrust  in,  under  the  action  of  surrounding  pressure.    H  is  a 
screw  permitting  the  escape  of  oil  when  the  instrument  is  being  '^  set^ 
for  use,  but  also  capable  of  closing  tightly  the  opening  in  which  it  is 
situated.    Tests  were  made  of  the  tightness  of  the  piston  and  of  the 
joints. 

Figure  6  represents,  in  section,  the  hollow  steel  screw-plug  for  receiv- 
ing the  piezometer.  It  is  fitted  to  holes  in  the  gun,  and  inserted  at  the 
point  where  it  is  desired  so  ascertain  the  pressure.  A  ring,  K  K,  is^ 
screwed  into  its  open  end  to  retain  the  inclosed  instrument. 

In  preparing  the  piezometer  for  an  experiment,  two  items  are  to  be 
specially  observed ;  it  must  contain  no  air,  and  the  "  setting,^  or  adjust 
ment  of  the  quantity  of  oil  contained,  must  be  done  at  the  precise  tem- 
I)erature  the  instrument  is  to  have  at  the  moment  of  firing. 

The  procedure  is  as  follows :  All  the  parts  are  first  oiled,  over  their 
whole  surfaces.  The  adjusting-screw  is  inserted  into  the  body  of  the 
i&strument,  which  is  then  set  upright  in  a  socket  attached  to  the  middle 
of  a  small  pan  intended  to  cateh  any  overflow,  and  is  nearly  or  quite 
filled  with  oil,  which  should  be  made  to  flow  down  the  side  of  the  cavity 
rather  than  in  a  stream.    The  support  of  the  marking-iK)int,  quite  clean 
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but  covered  with  oil,  is  now  screwed  into  its  place,  with  the  aid  of  a 
special  implement,  not  described.    AVhen  this  is  withdrawn,  it  will  be 
necessary  to  replace  the  oil  caused  to  overflow  by  its  insertion.    The 
barrel  is  now  slowly  put  in  its  place  and  screwed  firmly  down.    The 
bole  in  the  piston  for  receiving  the  stem  is  filled  with  oil,  the  stem 
screwed  in,  and  the  piston  inserted  in  the  barrel.    The  adjusting-screw 
is  loosened  a  little,  permitting  the  piston  to  be  pressed  just  below  the 
top  of  the  barrel,  and  again  tightened.    The  next  step  is  to  bring  the 
instrument  and' its  contents  to  the  setting  temperature.    For  this  piu*- 
pose  a  water-bath  (a  common  wooden  pail)  was  provided ;  a  narrow  tin 
cap,  deeper  than  the  bath  and  weighted  at  the  bottom  so  as  to  stand 
npright  within  it ;  and  a  pair  of  wooden  pinchers  for  handling  the  piezom- 
eter, which  instrument  could  be  inserted  in  them  in  such  a  way  as  to  be 
nearly  enveloped  and  yet  to  leave  the  adjusting-screw  and  piston  readily 
accessible.    The  piezometer,  seized  in  the  pinchers,  is  placed  at  the  bot- 
tom of  the  cup  in  company  with  the  tools  to  be  used  in  setting  it,  and 
is  covered  with  a  loose  wad  of  cotton.    The  cup  is  set  in  the  middle  of 
the  bath  and  surrounded  with  water  kept  as  nearly  as  possible  at  the 
desired  temperature,  for  a  sufficient  time  to  impart,  as  nearly  as  appre- 
ciable, the  same  to  the  instrument.     It  is  then  withdrawn,  the  screw 
loosened,  the  piston  depressed  a  little  to  a  regulated  depth  with  a  special 
tool,  the  screw  tightened,  and  the  piston  rotated  a  few  degrees,  which 
completes  the  setting.    The  object  of  this  last  movement  is  to  inscribe 
a  transverse  line  on  the  stem,  affording  a  starting  point  in  measuring 
the  length  of  the  stroke. 

Small  changes  of  temperature  after  the  instrument  is  set  are  of  no  con- 
sequence, as  the  oil  will  of  course  return  to  the  same  volume,  and  the 
j>iston  stand  at  the  same  place,  on  returning  to  the  same  temperature. 
Before  placing  the  piezometer  in  the  hollow  plug,  a  thin  leather  en- 
velope, kept  saturated  with  oil,  is  drawn  upon  it  (with  the  intention  of 
affoi'ding  protection  against  the  shock  of  firing),  and  when  inserted,  the 
remaining  space  within  the  plug  is  filled  with  oil,  which  is  retained  by 
stopping  the  opening  through  the  retaining-riug  (which  forms  the  com- 
munication with  the  bore  of  the  gun)  with  a  loosely-fitted  disk  of  cork 
or  leather. 

One  particular  to  be  noted  is  the  position  of  the  eye  of  the  piston  with 
reference  to  the  line  in  which  the  gun  will  recoil  on  firing.  The  metal 
surrounding  the  eye  occupies  a  position  at  one  side  of  the  piston's  axis 
of  rotation  in  the  barrel,  thereby  th roaring  the  center  of  gyration  out  of 
that  line ;  and  if  that  center  be  so  situated  as  to  fall  outside  of  a  plane 
coincident  with  the  line  of  recoil,  it  is  evident  that  the  piston  will  have 
a  tendency  to  rotation  when  the  gun  is  fired.  It  was  apprehended  that 
this  rotation  might  interfere  with  the  proper  marking  of  the  stem,  or 
accurate  measurement  of  the  mark,  and  for  that  reason  care  was  usu- 
ally taken  to  place  the  piston  in  such  position  that  its  center  of  gyration 
should  be  nearly  in  the  plane  just  mentioned,  and  forward  of  its  axis  of 
rotation.  Curious  and  instructive  results,  hereafter  mentioned,  were, 
however,  obtained  through  the  accidental  omission  of  this  precaution • 
After  firing,  the  length  of  the  stroke  was  measured  under  a  compound 
microscope  by  the  application  of  a  scale  divided  into  thousandths  of  an 
inch  and  capable  of  being  read  to  ten-thousandths. 

The  volume  of  oil  subjected  to  pressure,  the  area  of  the  piston,  and 
the  length  of  stroke  being  known,  we  derive  from  them  the  degree  of 
compression.  To  complete  the  data  for  ascertaining  the  pressure  to 
which  the  piezometer  has  been  exposed  in  any  given  case,  it  becomes 
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necessary  to  determiue  the  relation  of  compressiou  to  the  pressure  re- 
quired to  effect  it. 

The  experiments  made  for  this  purpose  were  conducted  with  a  good 
4leal  of  care  to  secure  accuracy,  and  were  somewhat  elaborate. 

The  following  account  of  them  is  designed  to  be  sufficiently  minute  to 
aflbrd  an  opportunity  for  judging  of  the  accui-acy  of  their  results.  It 
will  be  necessary  to  begin  with  some  description  of  the  apparatus : 

The  compre^ing  pump,  though  an  essential  part  of  the  apparatiu, 
need  not  be  very  ftilly  described.  Several  additional  drawings  would 
be  required  for  a  com])lete  description ;  and  so  far  as  its  function  of 
supplying  pressure  only  is  concerned,  its  construction  is  perhaps  not 
very  intimately  connected  with  the  accuracy  of  the  results.  Its  barrel 
is  of  cast  steel,  placed  horizontally,  its  exterior  diameter  being  2" .2  and 
that  of  its  bore  0".7.  The  piston,  which  is  also  of  cast  steel,  tempered, 
is  forced  in  and  retracted  by  means  of  a  square- threaded  steel  screw 
1".5  in  diameter. 

Tliese  parts  are  placed  in  a  strong  fiame  of  iron.  The  screw  is  tume*! 
by  means  of  a  ratchet-wheel,  which  forms  its  head,  and  a  lever  and  pawl 
coiniected  with  it.  To  facilitate  the  retraction  of  the  piston  a  crank  u 
attached.  Screw- valves  l>revent,  during  the  alternate  movements  of  the 
piston,  the  escape  of  the  liiiuid  through  the  aperture  by  which  it  euim 
the  barrel,  and  its  return  from  the  receiver  into  which  it  is  forced.  A 
safety-valve  of  tempered  steel,  ground  to  a  seat,  also  in  hardened  steel, 
with  its  graduated  lever  and  weight,  is  attached  to  the  pump  and  serves 
for  measuring  the  pressuies  it  is  made  to  exert. 

The  construction  and  arrangement  of  the  safet^'-valve  and  connected 
parts  are  shown  in  the  drawings  (Plate  II). 

Fig.  1  is  a  vertical  section  of  a  portion  of  the  pump  through  the  cen 
ter  of  the  valve,  and  perpendicular  to  the  axis  of  the  barrel.  F  is  a  pro^ 
longation  of  the  barrel  upon  which  the  valve  is  mounted.  D  is  the  valve, 
fitted  to  its  seat  in  the  cup-shaped  top  of  the  screw  E,  which  is  perfor 
ated  through  its  axis  to  communicate  with  the  bore  of  the  pump.  It  is 
also  fitted  into  the  cap  C  in  such  a  way  as  to  allow  it  to  rotate  fireelj, 
in  order  that  it  may  be  ground  to  the  seat  in  the  exact  position  in  which 
it  is  to  be  used.  Fig.  2  is  a  view  of  the  valve  and  cap,  at  right  angles 
with  the  section.  An  obtuse  knife-edge  at  the  top  of  the  cap  receives 
the  pressure  of  the  lever  A.  The  valve,  cap,  and  screw  are  all  of  tem 
pered  steel.  B  is  the  pin  on  which  the  lever  turns.  It  is  tempered  and 
polished.  The  end  of  the  lever  is  also  tempered  as  far  as  its  bearing  on 
the  valve,  and  the  hole  for  the  pin  is  polished.  This  mode  of  construc- 
tion pi*obably  secures  a  nearly  uniform  ratio  between  the  friction  and 
pressure  under  different  strains.  G  is  the  weight  The  line  of  sus- 
pension is  made  to  coincide  with  one  of  the  faces  of  the  stirrup,  so  that 
its  relation  to  the  graduations  of  the  lever  may  be  easily  seen. 

Gauges  constructed  upon  the  plan  just  described  are,  at  their  best, 
subject  to  two  sources  of  uncertainty :  The  friction  of  the  pin,  and  tlie 
impossibility  of  determining  by  measurement  the  area  of  that  part  of 
the  valve  actually  i^eceiving  pressure. 

For  reasons  which  will  be  hereafter  mentioned,  this  safety-valve  was 
used  in  the  measurements  of  the  highest  pressures  employed^  not,  how- 
ever, without  previous  comparison  with  another  gauge  designed  to 
avoid  the  defects  just  mentioned,  and  specially  constructed  for  use  in 
these  experiments.  It  will  be  called  the  valvular  gauge^  for  convenience 
of  distinction  from  other  jgauges  to  be  subsequently  described. 

Fig.  3  (Plate  III)  presents  a  front  elevation  of  this  instrument,  and 
Fig.  4  (Plate  IV)  gives  a  section  at  right  angles  to  the  plane  of  projec- 
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lion  in  Fi^.  3  of  the  valve  and  the  parts  most  nearly  connected  with  it, 
on  a  larger  scale.  The  valve,  marked  Y,  and  represented  separately  in 
Fig.  5,  is  of  hardene<l  steel,  and  is  inserted  in  a  stem  of  steel,  1),  which 
is  supported  on  its  sides,  at  it«  upper  end,  bypassing  through  the  screw 
A  in  the  cross-piece  B.  The  lower  part  of  the  valve  enters  the  cavity  e 
a  short  distance,  closing  it  by  cx)ntaet  with  the  sides  of  its  circular  ori- 
fice. This  cavity  receives  the  liqui(tl  transmitting  the  pressure,  w  hich  is 
oommunicated  through  the  tube  C.  The  block  E,  into  which  the  cavity 
k  drilled,  is  also  of  casts  teel  and  hardened  at  its  upper  part.  The 
valve  was  ground  to  its  seat  with  flour  of  emery  and  iinished  with 
crocus,  by  rotating  it  in  its  place.  The  screw  through  which  the  upper 
end  of  the  valve-stem  passes  is  fitteil  to  a  tapering  hole  in  the  cross- 
piece,  and  being  slitted  through  it«  axis,  the  parts  which  support  the 
stem  may  be  made  to  approximate  each  other  at  ple^isure.  Both  the 
upper  part  of  the  stem  and  the  bearing  parts  of  the  screw  are  tempered 
uid  polished,  and  the  adjustment  is  such  as  to  avoid  friction  and  oscil- 
lation in  any  jK*Tceptible  degree.  The  valve  V  has  a  conical  cavity,  v. 
It  its  upper  side,  to  receive  the  point  /  of  the  hook  F,  by  which  the  v 
ireights  with  which  the  valve  is  to  be  loaded  are  suspended.  This 
point  is  also  conical,  being  slightly  more  acute  than  the  apc!x  of  the 
savity,  which  la«t  is  situated  as  accurately  a«  possible  over  the  center  of 
the  area  receiving  the  pressure  of  the  liquid.  The  form  of  the  valve  is 
the  result  of  several  trials,  and  although  from  its  general  shape  it  might 
t)e  expected  to  wedge  into  its  seat,  it  is  not  found  to  do  so,  but  is  raised 
»fter  hard  pressure  with  no  more  force  than  is  required  to  lift  its  weight. 
The  bearing  surface  of  the  valve  in  contact  with  its  seat  is  too  narrow 
to  allow  of  easily  determining  its  precise  form.  The  block  E,  into  which 
the  cavity  e  is  drilled,  is  supported  by  the  iron  frame  H  H  (Fig.  3), 
Mrhich  rests  on  the  larger  w^ooden  one,  K  K. 

Three  scale-pans  of  different  sizes,  for  receiving  the  weights,  are  re- 
paired, as  the  larger  ones  would  alone,  in  some  cases,  be  too  heavy  for  the 
[lesired  pressure.  The  lightest.  Fig.  0  (Plate  V),  is  used  for  pressures 
aot  more  than  500  {)ounds  to  the  square  inch;  the  medium  (Fig.  7),  for 
pressures  from  500  to  000  pounds ;  the  heaviest,  J,  Fig.  3  (Plate  III), 
lesigned  for  higher  pressuies,  is  represented  as  suspended  in  ])lace  by 
the  hooks  F  L.  In  order  to  avoid  danger  of  injuring  the  instrument  in 
placing  large  weights  on  the  scale,  it  is  detached  by  raising  it  with  a 
lever  inserted  under  the  pin  I  in  the  lower  hook,  using  M  as  a  fulcrum, 
^nd  turning  back  the  loop  (x,  when  it  may  be  allowed  to  re^t  on  supports 
placed  under  it.  Six  50-pound  weights,  four  of  10-pound,  and  one  of 
5  pounds,  represented  in  Figs.  8,  9, and  10  (Plate  V),  were  made  for  use 
with  the  instrument.  They  are  of  cast  iron,  turnetl  and  a<\justed  by 
*>omparison  with  the  standards  at  Trenton,  furnished  to  the  State  of 
S^ew  Jersey  by  the  United  States  Department  of  Weights  and  Meas- 
ires.  The  smaller  weights  made  use  of  were  not  all  of  exactly  their 
nominal  weight,  but  wiiere  ditierences  existed  they  were  accurately 
^nown.  The  weights  of  the  valves,  hooks  and  scales  were  also  carefully 
lacertained. 

A  comparison  of  the  pressure  of  a  column  of  mercury  of  known 
leight  with  the  weight  on  the  valve  of  the  gauge  required  to  balance  it, 
wn»  adopted  as  the  most  accurate  method  of  determining  the  relation 
>etween  the  weights  to  be  placed  on  the  scales  and  the  desired  pressures 
)er  square  inch.  It  thereiore  became  necessary  to  construct  an  instru- 
nent  for  the  purpose. 

The  mercurial  pressure-gauge  consists  of  a  cistern  of  glass  containing 
nercurj',  and  a  series  of  perpendicular  glass  tubes  attached  to  a  gradn- 


236  REPORT  OF  THE  CHIEF  OF  ORDNANCE. 

atod  staff  aud  joined  continuously  togetber,  extending  to  the  height  of 
52  feet.  The  tubes  are  so  connected  witli  tlie  cistern  that  by  pre^ore 
ui)on  the  surface  of  the  mercury  it  may  be  forced  to  ascend  the  tubes. 

In  Figs.  11  and  12  (Plate  VI),  C  represents  the  cistern,  which  is  con- 
nected at  the  bottom  to  a  foot,  B,  by  which  it  is  securely  attached  to  the 
floor  of  tlie  basement,  through  the  intervention  of  the  piece  of  timber, 
A.  An  iron  cap,  D,  is  cemented  to  its  neck,  and  is  drilled  so  as  to  afibrd 
continuous  passages,  through  the  tubes  c  (Fig.  12)  and  d(¥\g.  11), from 
near  the  bottom  of  the  cistern  to  the  foot  of  the  staft*  E,  and  firom  the 
orifice  8  (which  is  connected  with  the  source  of  pressure)  to  the  surfai* 
of  the  mercury  within.  The  tube  c  is  of  glass,  cemented  into  the  cap 
D,  and  terminates  near  the  bottom  of  the  cistern,  d  is  an  iron  t«be 
screwed  tightly  into  the  cap,  and  forming  the  communication  between 
the  cistern  and  tubes  for  receiving  the  column  of  mercury.  These  tubes 
are  8upix>rted  by  a  wooden  staff  composed  of  five  pieces  (one  to  eadi 
tube),  provided  at  their  ends  with  suitable  coupling-irons  and  screws 
for  joining  them  together,  as  representcil  in  Figs.  13  and  14,  in  which  E 
and  E  are  the  staff*,  F  F,  Fig.  13,  the  tubes,  and  G  G  the  couplings. 
Fig.  15  is  an  end  view  of  one  of  the  pieces,  showing  the  horizontal  oat 
line  of  the  coupling  and  (by  the  inner  dotted  lines)  a  horizontal  section 
of  the  staff.  A  broad  angular  groove  in  the  front  side  of  the  staff 
allows  the  tubes  a  protected  situation.  Each  tube  is  a  little  shorter 
than  the  section  of  staff  to  which  it  is  attache<^l,  extending  nearly  througi 
the  castings  at  the  ends,  into  which  they  were  at  first  cemented.  It  was. 
however,  found  necessary  to  substitute  stuffing-boxes,  one  of  which  is 
represented  in  section.  Fig.  10.  Two  rings,  one  of  vulcanized  India 
rubber  and  one  of  leather,  fonned  the  stuffing.  The  faces  of  the  coup- 
lings adjoining  each  other  wei*e  bmught  to  a  plane  surface  in  the  lathe, 
and  the  joining  of  the  tubes  made  perfect  by  interi)osing  a  ring  of  very 
thin  sheet-rubber  l>efore  screwing  the  couplings  together. 

The  glass  tubes  were  dra\\Ti  for  the  purpose,  and  those  most  nearly 
alike  in  diameter  of  bore  w^ere  selected,  to  equalize,  as  nearly  aspossi 
ble,  the  effect  of  capillary  repulsion.  Their  internal  diameter  is  about 
one- tenth  of  an  inch. 

The  staff*  is  marked  into  divisions  of  one  foot  in  length,  the  measll^^ 
ments  being  transferred  with  much  care  from  a  rule  divided  at  the 
United  States  Department  of  Weights  and  Measures.  A  short  scale, 
divided  into  inches  and  fractions,  was  used  for  measuring  the  height  of 
the  mercurial  column  between  these  lines.  Pi'essure  w^as  applied  by 
means  of  the  pump  represented  at  M,  Fig.  17  (Plate  VII),  which  nee<l 
not  be  described. 

Although  the  cementing  of  the  cap  to  the  cistern  was  tested  at  a 
higher  pressure  than  it  could  receive  in  the  use  for  which  it  was  de- 
signed, it  failed  to  remain  tight — a  defect  which  it  became  necessary  to 
remedy  by  a  kind  of  stuffing-box  applied  to  the  neck  of  the  cistern, 
which  it  is  not  thought  necessary  to  represent  in  the  drawing.  A  signal- 
bell,  at  the  foot  of  the  instrument,  and  a  cord  running  up  by  the  side  of 
the  staff  to  the  garret,  afforded  means  of  communication  from  the  ob- 
server above  to  the  operator  below.  When  the  arrangement  was  com- 
pleted, the  control  of  the  height  of  the  column  was  such  as  to  aUow  of 
giving,  at  pleasure,  many  varying  degrees  of  convexity  to  the  surface 
of  the  mercury  rising  from  the  end  of  the  topmost  tube  when  full. 

Five  thermometers,  hanging  against  the  staff*  (one  in  each  story  of  the 
building),  were  employed  to  ascertain  the  temperature  of  the  column. 

The  specific  gravity  of  the  mercury  made  use  of,  according  to  my  de 
termination,  was,  at  60^,  13.589,  water  at  60^  being  1. 
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In  computing  the  pressure  of  the  column,  its  height  from  the  surface 
the  mercury  in  the  cistern  was  taken,  and  the  counteracting  pressure 
the  weight  of  the  oil  by  which  the  pressure  was  applied  was  allowed 
r  in  proportion  to  its  height  and  specific  gravity. 
The  first  comparisons  between  the  valvular  and  mercurial  pressure- 
kuges  were  made  by  placing  them  in  direct  communication  with  each 
her  and  the  pump — a  mode  which  for  accuracy  leaves  nothing  to  be 
paired ;  but,  on  account  of  the  tediousness  and  expense  of  resorting  to 
le  mercurial  gauge  (which  was  unavoidably  located  about  three  quar- 
rs  of  a  mile  from  the  workshop)  to  test  each  modification  of  the  valve, 
lother  plan  was  afterwards  adopted. 

An  instrument  was  prepared  in  which  the  volume  of  air  at  the  tem- 
iratore  of  32^  was  noted  ior  each  foot  in  height  of  the  mercurial  co\- 
nn  in  the  upper  part  of  its  scale.  Fig.  18  (Plate  VII)  represents  the 
strument,  which  is  chiefly  of  gla^s.  The  pressure  is  communicated 
irough  the  tube  B,  which  is  cemented  into  a  steel  connecting-screw,  A. 
is  a  quantity  of  mercury  transmitting  the  pressure  to  the  air  to  be 
impressed,  which  is  principally  contained  in  the  part  F  at  the  ordinary 
'essure  of  the  atmosphere,  but  under  pressure  occupies  only  the  tube 
,  or  a  portion  of  it.  This  tube,  though  nearly  cylindric  exteriorly,  has 
tapering  bore,  largest  at  the  bottom,  and  vanishing  at  e — the  design 
^ing  to  equalize  as  far  as  possible  the  spaces  representing  equal  incre- 
entfi  of  the  height  of  the  mercurial  column.  The  scale  D  is  of  brass, 
vided  into  160  parts,  and  attached  to  the  tube  by  two  bands.  Only 
le  upper  one,  d,  pinches  the  tube,  to  avoid  its  displacement  by  the  ex- 
vnsions  and  contractions  occurring  with  changes  of  temperature.  To 
3tect  any  error  in  the  position  of  the  scale,  a  mark  is  made  on  the  tube, 
^rresponding  with  the  top  of  the  sale.  Fig.  17  represents  the  arrange- 
ents  for  the  use  of  the  instrument.  C  is  a  water-bath,  in  which  it  is 
irrounded  by  a  current  of  ice-cold  rain-water  flowing  from  the  pail  A, 
id  passing  out  from  the  bottom  of  the  bath  by  a  siphon  not  shown  in 
le  figure.  The  bath  is  a  glass  tube  closed  at  the  bottom,  attached  to  a 
ot,  D,  and  furnished  with  a  wooden  dish,  B,  at  the  top.  The  water 
M^aping  by  the  siphon  runs  upon  ice,  and  is  returned  at  frequent  inter- 
ns to  the  pail.  Both  this  and  the  dish  at  the  top  of  the  bath  are  con- 
antly  supplied  with  ice.  E  and  G  are  tubes  conimunicating  between 
16  air  pressure  gauge  and  the  pump,  and  also,  through  the  tube  F,  with 
le  mercurial  or  with  the  valvular  pressure-gauge,  as  desired.  The  cup 
]  is  used  for  replenishing  the  pump  with  oil — the  liquid  used  for  com- 
unicating  pressure.  A  screw -cock,  L  (nearly  concealed,  in  the  draw- 
g,  by  other  parts  of  the  apparatus),  is  interposed  between  the  pump 
id  the  gauges.  H  is  a  stand  for  the  support  ot  the  cock. 
The  instrument  just  described  (distinguished  by  the  name  of  "  air- 
mge^)y  when  graduated  by  comparison  with  the  mercurial  gauge,  could 
3  depended  on  for  indications  substantially  identical  with  those  of  the 
iter,  and  saved  much  labor  in  the  work  of  perfecting  the  valvular 
^uge,  which  involved  many  alterations.  This  last  instrument  could, 
'  course,  only  be  compared  with  the  others  mentioned  within  the  limits 
*  their  range  of  pressures,  which  was  but  little  more  than  twenty 
:mospheres.  These  comparisons  were,  however,  sufficient  to  establish 
le  ratio  between  pressures  indicated  and  weights  applied.  After  the 
irm  of  the  valve  was  changed  to  that  shown  in  the  drawing  (Fig.  4) 
ready  referred  to,  its  action  was  very  uniform.  A  weight  of  59.32^ 
rains  on  the  area  of  the  valve  was  found  equivalent  to  a  pressure  of 
16  pound  per  square  inch. 
As  a  test  of  the  uniformity  of  the  action  of  the  valvular  gauge  at 
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pressures  somewhat  liijcrber  than  the  mercurial  gauge  could  indicate, it 
was  connected  with  the  manometric  gaug^e  shown  in  Fig.  19,  which  was 
capable  of  indicating  a  pressure  of  one  hundred  atmospheres,  and,  ha? 
ing  been  constructed  very  accui-ately,  it  also  served  to  give  corrobora- 
tive evidence  of  the  a<;curacy  of  the  computed  relations  between  the 
pressure  per  squai'e  inch  and  the  weights  on  the  valve. 

A  table  wa^  prepareil,  giving  the  weight  in  grains,  which  must  be 
placed  in  the  approi>riate  scale  for  ejich  100  pounds  per  square  inch  np 
to  15,000  pounds.  It  may  be  well  to  remark  that  all  the  arithmeticai 
operations  were  proved.  It  was  customary  also  that  the  individoal 
weights  employeil  for  a  given  pressure  should  be  designated  by  two  per- 
sons separately,  to  avoid  eri-ors. 

Having  now  a  reliable  means  of  measuring  the  pressures  to  be  applied, 
we  pass  to  the  ex]>eriments  relative  to  the  compression  of  oil. 

However  reasonable  a  contidence  in  the  indications  of  the  steel  pie 
zometer  befoi'e  described  might  be  in  such  experiments,  there  was  one 
query  in  regard  to  them  which  it  was  desirable  to  answer  conclusively: 
"  Does  not  enough  leakage  occur  about  the  piston,  during  the  compani 
tively  long  time  required  for  an  exi>eriment  on  compression,  to  serioody 
lessen  the  i^eoorded  amount  ?  ^ 

The  most  satisfactory  reply  to  all  doubts  of  this  kind  was  evidently  to 
be  found  in  an  independent  experiment,  free  from  the  conditions  whiek 
might  be  deemed  objectionable  in  the  use  of  the  instrument  mentioned; 
and  if  the  progress  of  compression  could  be  actually  seen  up  to  a  vw)* 
considerable  pressure,  it  was  evidently  desirable.  The  apparatus  which 
will  now  be  described  wa«  dcAised  with  that  object. 

It  consists,  principally,  of  a  glass  instrument  for  containing  the  oH 
subjected  to  experiment,  and  a  receiver  inclosing  it,  provided  with  win- 
dows through  which  the  changes  of  volume  could  be  viewed  np  ta  a 
pressure  of  10,000  pounds  per  square  inch. 

The  glass  instrument  is  represented  (in  full  size)  in  Fig.  20  (Pltte 
y  HI).  It  is  a  graduated  tube,  terminating  in  an  elongated  bulb,  C,  and 
having  a  piston,  p,  fitted  to  its  bore,  which  is  very  nearly  0^.038  in  dian- 
ter.  The  tube  was  selected  as  having  a  uniform  bore,  and  the  divisioDS 
were  marked  by  means  of  a  dividing  machine.  When  carefully  tested 
by  columns  of  mercury,  occupying  successively  different  parts  of  t  he  bore, 
they  were  found  to  be  of  apparently  uniform  capacity.  The  nnmberiog 
commences  at  the  bottom,  and  the  lines  and  figures,  which  are  cut  npcm 
the  glass,  were  blackened  to  render  them  more  conspicuous.  The  capac- 
ity of  the  bulb  and  tube  to  0  of  the  scale  equals  3506.3^  divisions  of  the 
tube.  Fig.  21  rei)i*e8ent8  the  piston  and  a  ])ortion  of  the  tube  on  an  en- 
larged scale.  The  groove  m  is  occupied  by  a  li.ig  of  mercury,  which,  ai 
a  result  of  the  cohesion  of  its  partii^les  and  consequent  tendency  to  as- 
sume a  surface  the  most  neiirly  spherical  which  its  position  will  permit 
acts  a.s  a  most  perfect  packing  for  such  extremely  snmll  pressure  as  is 
required  to  overcome  its  friction.  The  sliarp  outline  of  the  lower  side  of 
the  piston  is  favorable  to  accurate  observation.  The  proper  proportion 
between  the  bore  of  the  tube  and  the  capacity  of  the  bulb  was  learned 
from  pre\ious  ex[)erinient8.  A  rack,  B  (the  teeth  of  which  are  on  the 
side  not  in  view),  is  attiiched  to  the  piezometer  by  a  band.  A,  and  when 
acted  on  by  a  pinion  connecrted  with  the  receiver  in  which  the  instrument 
is  inclosed  during  the  experiments,  serves  to  bring  any  desired  portion 
of  the  graduated  tube  opposite  the  windows  for  observation. 

The  receiver  is  represented  in  Fig.  22.     Two  iron  tubes,  F  and  K,  are 
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icrewed  into  the  opposite  sides  of  a  central  block  of  iron,  G,  which  is 
mbic  in  its  general  form,  but  has  short  cylindrical  projections  from  the 
cipi>er  and  lower  sides,  into  which  the  tubes  are  inserted.    The  block  is 
drilled  through  vertically,  making  a  communication  between  the  tubea 
of  the  full  size  of  their  bores.    The  outlines  of  the  bores  of  the  tubes  and 
other  parts,  as  they  would  be  seen  in  section,  are  given  in  dotted  lines. 
The  lower  end  of  the  tube  K  is  closed  by  a  solid  steel  screw,  L.    To  the 
upper  end  of  the  tube  F  is  fitted  a  steel  screw,  E,  drilled  through  its 
center,  and  connecting  the  receiver  to  the  bra^s  tube  D  communicating 
with  the  compressing  pump  and  pressure-gauge.    Two  glass  windows, 
one  for  observation  and  the  other  for  the  admission  of  the  necessary 
light,  are  situated  in  two  opposite  sides  of  the  block  G.    The  position  of 
one  is  shown  at  J.    They  are  made  in  the  form  of  a  truncated  cone  (but 
having  their  bases  chamfered,  as  represented  in  Fig.  23),  and  are  fitted 
to  conical  cavities  with  their  bases  inward.    Fig.  24,  which  is  a  horizontal 
section,  at  full  size,  through  the  center  of  the  windows  (as  well  as 
through  the  axis  of  the  pinion),  will  give  an  idea  of  the  manner  in  which 
they  are  inserted;  N  and  N  are  the  glasses.    The  shaft  O  of  the  pinion 
P  is  fitted  into  the  screw  H,  entering  the  side  of  the  receiver  in  a  mode 
^which  will  he  understood  by  inspection  of  the  drawing.    The  outer  end 
of  the  shaft  is  squared,  to  be  received  into  a  socket.    The  rack  attached 
to  the  glass  piezometer  is  held  into  gear  with  the  pinion  by  a  portion  of 
the  inner  end  of  the  screw  brought  into  the  form  of  a  guide  for  that  pur- 
pose.   A  portion  of  the  rack  with  the  pinion  is  represented  in  Fig.  25.* 
The  water-bath  for  regulating  the  temperature  of  the  receiver  and  its  con- 
tents is  represented  in  Fig.  26.    It  is  a  rectangular  box,  made  of  sheet  tin, 
and  incased  in  ^inch  hoards.    It  has  windows  to  correspond  with  those  of 
the  receiver.    The  receiver,  of  which  the  position  is  shown  by  the  dotted 
lines  is  supported  by  a  shelf  immediately  below  the  windows,  having  a 
circular  hole  to  receive  it.    A  short  tube,  E,  projects  from  the  side  of  the 
hath,  opposite  to  the  shaft  of  the  pinion,    into  this  is  inserted  a  cork, 
through  which  is  passed  a  shaft,  S,  having  a  socket  to  fit  the  squared  end 
of  the  pinion-shafb,  and  a  milled  head,  T,  by  which  it  may  be  turned. 

The  glass  piezometer  is  filled  with  oil  for  compression  by  forcing  it 
through  a  small  tube  descending  through  the  bore  and  nearly  to  the  bot- 
tom of  the  bulb  of  the  instrument,  which  is  placed  perpendicularly  to 
permit  the  escape  of  the  air.  The  stream  of  oU  must  be  continued  while 
the  small  tube  is  withdrawn,  so  that  it  may  leave  no  vacuity. 

The  introduction  of  the  piston  with  its  packing  is  accomplished  thus: 
After  placing  the  instrument  horizontally,  a  small  quantity  of  mercury 
[enough  to  occupy  a  space  two  or  three  times  the  diameter  of  the  bore 
in  length)  is  made  to  occupy  the  intended  place  of  the  piston  by  the  aid 
of  a  suitable  syringe.    The  piston  is  then  introduced  and  passed,  by 

•  In  first  testinc  this  receiver  by  pressure,  the  fflass  inserted  in  the  screw  M  began 
to  show  signs  of  firacture  at  a  pressure  of  about  5,000  pounds  per  square  inch,  but  kept 
in  its  place,  leaking  not  faster  than  a  drop  per  minute,  at  a  pressure  of  nearly  10,000 
ponuds.  On  removing  the  glass  it  was  found  to  be  split  into  curved  laminte,  forming 
arches  fn)m  opposite  sides  of  the  cavity  to  which  it  was  fitted.  The  parts  were  not 
entirely  separated,  but  adhered  in  their  original  form.  From  the  appearance  of  the 
fracture  it  wa«  supposed  that  the  fitting  had  not  been  sufficiently  exact,  and  another 
glass  was  fitted  witli  special  care.  This  began  to  fail  at  about  the  same  pressure  as 
the  other,  and  at  a  pressure  between  7,000  and  8,000  pounds  per  square  inch  it  shot 
from  its  place,  being  crushed  into  sand.  After  a  renewed  examination  into  the  cause 
of  failure,  it  was  found  that  the  steel  screw  into  which  the  window  was  fitted  waa 
slightly  sprung  from  its  proper  form  in  couseciuence  of  a  want  of  sufficiently  accurate 
workmanship.  ,  This  was  remedied  and  another  glass  fitted,  which  remains,  as  does 
the  one  iu  the  opposite  side  of  the  receiver,  without  visible  injury. 
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means  of  »  wire,  through  the  oil,  mectiag  with  extremely  slight  resist- 
ance until  it  reaches  the  mercury.  When  it  touches  the  mercury,  the 
open  end  of  the  instrument  should  be  depressed,  and  the  piston  pushed 
in  until  there  remains  but  a  very  small  globule  which  has  not  passed  the 
inner  face  of  the  piston,  its  grooves  being  filled.  The  diameter  of  the 
globule  may  be  estimated  very  nearly  by  comparison  with  the  bore  of 
the  tube,  and  allowance  miule  for  the  diminution  of  the  capacity  of  the 
instrument  which  it  occasions.  Its  compressibility  differs  so  little  from 
that  of  the  glass  that  the  amount  would  be  inappreciable.  The  mercury 
which  has  passed  the  piston  should  be  removed  by  a  syringe  and  th& 
instrument  returned  to  its  perj)endicular  position,  when  the  globule  be- 
fore mentioned  will  of  course  fall  to  the  bottom. 

Before  placing  this  instrument  in  the  receiver,  its  open  end  was  cov- 
ered by  a  loosely-fitting  cap,  to  prevent  the  little  particles  liable  to  be 
washed  from  the  connecting-tubes  from  entering  it  and  perhaps  clogging 
the  piston  in  its  upward  movements. 

When  the  instrument  was  proi)erly  inclosed,  the  rack  being  attached 
to  it  and  in  gear  with  the  pinion,  the  remaining  space  in  the  receiver  was 
filled  with  oU,  and  the  whole  was  placed  in  the  bath,  as  represented  ii 
Fig.  26;  connected  with  the  pump  and  pressure-gauge;  and  covered  witb 
water  at  the  temperature  of  60^  Fahr.,  which  was  the  temperature  em 
ployed  in  the  first  experiments.  Any  perceptible  variation  from  this 
was  corrected  or  prevented  by  the  addition  of  smM  quantities  of  water 
at  a  lower  temperature,  the  apirtmont  being  a  few  degrees  warmer  thin 
the  bath.  The  water  was  put  in  frequent  motion  by  a  dasher  moved 
perpendicularly,  that  the  heat  might  be  equably  distributed.  A  "  chem 
ical  thermometer"  of  tolerable  accuracy  was  used  to  determine  the  tern 
perature  (the  same  which  was  made  the  standard  in  the  use  of  the  guQs), 
and  was  constantly  viewed  in  the  same  position. 

At  60O  the  oil  stood,  before  the  application  of  pressure,  at  195.9  on  the 
scale  of  the  instrument.  The  decimal  parts  of  a  div^ision  are  given  from 
estimation  only,  but  a  practiced  eye  need  never  make  an  error  of  0.1.  The 
attainment  of  the  desired  pressure  in  any  case  was  known  with  equal 
readiness  to  both  the  person  working  the  pump,  whose  duty  it  was  to 
observe  the  pressure-gauge  also,  and  the  observer  of  the  compression- 
to  the  former  by  the  rather  sudden  escape  of  a  little  oil  at  the  valve,  and 
to  the  latter  by  a  corresi)onding  shoi*t  reti^ocession  of  the  piston.  After 
first  bringing  the  pressure  to  the  desired  degree,  it  was  slow^ly  repeated 
several  times,  to  afford  an  opportunity  for  accurate  observation  of  the 
lowest  point  attained,  which  was  immediately  noted. 

The  experiments  on  the  compression  of  oil  at  50^  were  maile  in  pi^ 
cisely  the  same  way  and  without  any  alteration  of  the  apparatus.  The 
irregularity  occiUTing  between  the  pressures  of  7,500  pounds  and  8,000 
pounds  induced  a  repetition  of  that  part  of  the  experiments,  but  no  error 
could  be  found  in  the  wei;;hts  or  otherwise. 

The  following  table  gives  the  height  of  the  oil  in  the  instrument  at 
given  pressures  and  both  temperatures : 
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Compression  of  oil  under  visual  observation. 


PreasoFe. 

Height  of  oil  in  dirisions  of  instrument. 

At  60O  Fahrenheit. 

At  50°  Fahrenheit. 

Pounds  per  square  inch. 

(1  division  =  vrpi-To  ^^  volume.) 

(1  diTision  =  37^^-7  of  volume.) 

0 

195.9 

18a  1 

500 

189.5 

173.6 

600 

188.0 

700 

186.4 

800 

185.3 

900 

183.8 

1,000 

182.4 

i67.9 

1,500 

177.0 

162.4 

2.000 

170.2 

155.0 

2,500 

163.4 

14a  6 

8.000 

157.6 

142.5 

3,500 

151.8 

138.5 

4,000 

145.7 

132.9 

4,500 

140.0 

127.0 

5,000 

134.1 

120.2 

5,500 

128.6 

114.9 

6,000 

123.3 

109.9 

6,500 

118.  6 

104.1 

7,000 

112.0 

9a9 

7,500 

106.8 

93.9 

8,000 

102.9 

83.5 

8,500 

96.2 

77.9 

9,000 

91.1 

7L3 

9,500 

85.9 

65.0 

10,000 

80.8 

59.8 

The  limits  of  the  strength  of  the  connecting  tnbes  were  known  not  to 
ich  exceed  10,000  ponnds  per  square  inch,  and  for  that  reason  the  pres- 
re  was  not,  at  first,  carried  higher;  but  after  completing  these  experi- 
)nts  it  was  attempted  to  increase  it,  and  the  result  was  the  bursting  of 
e  of  the  tubes.  After  replacing  this,  the  trial  was  renewed  with  the 
me  result.  The  remaining  experiments  were  made  with  the  steel  piezom- 
er  inclosed  in  the  cast-steel  receiver  represented  in  Fig.  27,  which  could 
connected  with  the  pump  by  a  much  stronger  tube.  The  absence  of 
bes  of  sufficient  strength  for  connecting  the  pump  with  the  valvular 
.uge  led  to  the  use  of  the  safety-valve  of  the  pump  for  measuring  the 
gher  pressures.  That  this  might  be  done  with  as  much  accuracy  as 
*ssible,  careful  comparisons  were  made  between  it  and  the  first-named 
,uge  up  to  10,000  pounds.  The  piezometer  was  filled  and  set  in  the 
me  manner  as  for  use  in  the  gun.  The  received:  was  immersed  in  a 
iter-bath  kept  at  the  proper  temperature. 
The  pressures,  temperatures,  and  length  of  stroke  are  given  below. 

Compression  of  oil  in  steel  piezometer. 


Pressure. 

Length  of  stroke  at — 

Per  square  inch. 

W> 

50° 

Pounds. 
10,000 
15,000 
20,000 
25,000 

Inehef. 
0.  2148 
0.2780 
0.3656 

Inches. 
0.2401 
0.3266 
0. 4108 
0.5670 

A  comparison  of  the  apparent  compression  of  the  oil  in  the  glass  in- 
rument  with  .that  of  the  oil  in  the  steel  piezometer  at  the  same  tem- 
rature  and  pressure  (60°  and  10,000  pounds  per  square  inch),  shows 
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it  to  be  greater  in  the  latter  instrument — a  variation  which  is  id  ^ 
opposite  direction  from  that  which  would  occur  from  leakage  oi  ih» 
piston  during  compression. 

In  the  glass  ii;istrument  the  apparent  compression  sunonnts  to  3.039 
per  cent. ;  in  the  steel  one  (as  computed  from  the  weight  of  oil  contained, 
its  specific  gravity  and  consequent  volume,  and  the  measured  diuneter 
of  the  piston)  to  3.273  x)er  cent. — the  difference  being  about  one-fifteenth. 
This  may  be  accounted  for  by  supposing  the  steel  to  be  less  compressi- 
ble than  the  glass  to  that  extent. 

It  was  thought  most  proper  to  assume  the  strokes  of  the  steel  pie- 
zometer to  be  the  true  indices  of  the  pressure  to  which  it  was  subjected, 
and  to  consider  the  indications  of  the  glaAS  instrument  as  proportionaL 
In  accordance  with  this  idea  the  following  table  was  made,  which  pre- 
sents the  compression  as  observed  in  the  glass  piezometer  in  mnltipks 
of  the  capacity  of  one  division  of  the  tube,  and  the  correspondiiig 
stroke  of  the  steel  piezometer. 

Compreasihility  of  oil  in  gUua  and  in  steel  piezometer  compared. 


Pressure. 

Compressibility  at  60°  in— 

Compressibintj  at  SO''  in— 

Pounds  per  squapo 
inch. 

MaltiDles  of 
3762. 2 

Stroke  of  steel  pie- 
zometer. 

Multiples  of        c_  ^     ^   , 

f                  Stroke  of  pieu» 

3746. 4                            ^^- 

900 

600 

700 

800 

900 

1,000 

1,500 

2,000 

2,500 

3,000 

3,500 

4,000 

4^500 

5,000 

5,500 

e,ooo 

8,500 
7,000 
7,500 
8,000 
8,500 
9,000 
9,500 
10,000 

e.4 

7.» 
9.5 
10.6 
12.1 
13.5 
18.9 
25.7 
32.5 
38.4 
44.6 
50.2 
55.9 
61.8 
67.3 
72.6 
77.9 
88.9 
89.1 
93.9 
99.7 
104.8 
110.0 
115.1 

Inehe*. 

0. 01194 
.  01474 
.  01773 
. 01978 
.02258 
.02519 
.03527 
.04796 
.06065 
.07166 
.08324 
.09369 
.1043 
.1135 
.1256 
.1355 
.1456 
.1566 
.1663 
.1752 
.1861 
.1956 
.2053 
.2148 

6.5- 

•  »•  •  •  • 

*"i2.*2 

17.7 

25.1 

31.5 

37.6 

41.6 

47.2 

53.1 

59.9 

65.2 

70.2 

76.0 

81.2 

86.2 

96.6 

102.2 

108.8 

ll&l 

120.3 

Indktt. 
0.01297 

•  .••••**« 

.02435 
.0B5» 
.0501 

.06387 

,mm 

.08303 
.09421 
.196« 
.11958 
.13014 
.14011 
.15169 
.16007 
.172?5 
.19281 
.29899 
.  21716 
.23974 
.2401 

In  order  to  give  these  results  a  form  in  which  they  would  be  eaaly 
applicable,  they  were  expressed  by  geometrical  construction,  on  the  same 
scale  as  they  are  given  in  the  accompanying  diagram  (Plate  IX),  on  plan- 
paper  accurately  printed,  in 'squares  of  t\,  inch,  from  an  engraved  plate. 
The  line  of  compression  at  6(P  is  drawn  in  full  line,  and  at  50^  in  dotted 

line. 

As  will  be  seen  by  inspection  of  the  diagram,  pressure  is  represented 
by  horizontal  distance,  and  compression  by  vertical.  Each  tenth  of  an 
inch  of  the  stroke  of  the  piezometer-piston  is  represented  by  two  inch^ 
of  vertical  measurement,  and  each  thousand  pounds  by  one  inch  hori- 
zontally. 

The  pressures  in  the  table,  subsequently  given,  of  the  results  of  ex- 
periments on  the  pressure  of  fired  gunpowder,  were  taken  from  tliis 
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letrical  table,  which  maj'  be  read  with  considerable  certainty  to  intet- 
of  fire  pounds. 

lere  remains  to  be  noticed  in  this  connection  the  necessity  of  a  cor- 
on  of  the  pressure  as  derived  from  the  length  of  the  stroke  of  the 
>meter  when  produced  by  the  sudden  action  of  gunpowder.  The 
[)re8sion  of  a  fluid  is  attended  with  the  evolution  of  more  or  less  heat. 
le  compression  is  slowly  produced,  and  the  fluid  is  in  contact  with 
I  conductors,  the  heat  so  generated  will  be  catried  off  nearly  as  fast 
is  produced,  and  no  perceptible  elevation  of  temperature  may  result. 
owever,  the  compression  is  suddenly  effected,  the  heat  evolved,  hav- 
fto  time  for  diffusion,^  elevates  the  temperature.  This  rise  of  tem- 
tiire  reduces  the  extent  of  compression  by  an  amount  equal  to  the 
mrion  which  would  be  due  to  that  temperature  applied  to  the  fluid 
3r  the  pressure  employed.  The  amount  of  this  difl:erence  has  not  yet 
I  ascertained,  but  data  which  lack  the  precision  necessary  to  exact 
Its  indicate  that  the  correction  due  to  this  cause,  which  increases 
I  both  depression  of  the  temx^erature  of  the  liquid  compressed  and 
ease  of  pressure,  is  not  unimportant.  No  attempt  has  been  made, 
ever,  to  introduce  this  correction  into  the  results  subsequently  pre- 
ed  of  the  experiments  with  the  piezometer.  The  subject  has  been 
rved  in  hope  of  future  experiments,  for  which  apparatus  has  been 
ially  prepared. 

'e  now  arrive  at  the  experiments  in  which  the  piezometer  was  used 
x^rd  the  compressions  produced  by  the  pressure  of  flred  gunpowder 
er  various  conditions,  and  from  which  the  pressures  were  to  be  de- 
i.  They  were  made  at  Washington  Arsenal,  District  of  Columbia, 
manded  byMaj.  Alfred  Mordecai,  whose  hearty  co-operation  in  their 
iuct  demands  thankful  recognition. 

wo  six-pounder  guns,  one  of  iron,  the  other  of  bronze,  were  used  in 
e  experiments.  The  diameter  of  the  bore  of  each,  at  the  seat  of 
shot,  was  3".69,  very  nearly.  The  iron  gun  was  used  in  the  first 
e  experiments,  in  which  the  piezometer  was  attached  to  the  bottom 
be  bore.  It  was  afterward  pierced  through  its  side  to  receive  the 
ometer  inclosed,  as  already  described,  in  a  hollow  steel  plug,  the 
er  of  the  opening  being  1".5  forward  of  the  bottom  of  the  bore.  It 
used  in  this  form  in  several  experiments.  The  bronze  gun  was, 
ever,  used  in  the  greater  number.  It  was  pierced  with  nine  holes  at 
rent  distances  from  the  bottom,  beginning  at  1  inch  and  ending  with 
as  shown  in  the  accompanying  drawing  (Plate  X)  and  specified  in 
iiccompanying  tables.  They  were  arranged  alternately  to  the  right 
left  of  the  central  vertical  plane,  in  the  upper  half  of  the  gun,  and 
aed  450  to  that  plane. 

solid  plug  was  fitted  to  each  hole,  and  was  withdrawn  only  to  per- 
ihe  insertion  of  the  piezometer. 

aall  holes  to  receive  a  thermometer  with  an  elongated  bulb  were 
3d  near  the  openings  mentioned  above,  extending  to  within  a  short 
buce  from  the  bore. 

veral  experiments  were  made  to  ascertain  pressures  in  a  musket 
el.  A  portion  of  the  bore  at  the  breech  end  was  enlarged  enough 
ceive  the  piezometer,  and  was  separated  from  the  forward  portion 
ring  screwed  .to  place  and  a  leather  disk  closing  its  opening,  as  de- 
•ed  in  connection  with  the  hollow  plug.  The  piezometer  was  intro- 
d  fit)m  the  rear,  the  surrounding  space  filled  with  oil,  and  the  breech- 
inserted  afterward.  A  vent  of  the  normal  size  was  drilled  just 
ard  of  the  partition  formed  by  the  ring  and  disk  just  mentioned. 
has  already  been  intimated  that  the  temperature  at  which  the  pie- 
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zometer  was  set  was  that  at  which  the  gun  was  to  be  fired.  In  the  earlier 
experiments  the  method  by  which  it  was  intended  to  effect  this  was  by 
inclosing  the  instrument,  ready  to  be  set,  in  the  gun  for  a  sufficient  time 
to  equaUze  their  temperature — which  was  left  to  merel^"^  atmospheric  in- 
fluences. The  instrument  was  then  withdrawn,  quickly  set,  and  returned, 
and  the  gun  fired  without  delay. 

It  was  afterward  found  that  Uie  gun  changed  its  temperature  sensibly, 
from  changes  of  wind  and  sky,  in  shorter  intervals  than  was  supposed 
To  avoid  the  errors  liable  to  arise  from  tMs  cause  the  practice  was 
changed.  The  instrument  was  set  at  a  determmate  temperature,  higher 
than  that  of  the  outside  air  but  lower  than^that  of  the  arsenal  work- 
shops. The  gun  was  run  into  the  shops  (near  by)  for  a  short  time  in 
the  interval  between  the  experiments  and  made  slightly  warmer  thim 
the  firing  temperature.  The  piezometer  was  then  properly  inserted,  the 
gun  taken  outside,  and  when  cooled  to  the  proper  point  the  thermometer 
was  removed  and  the  gun  fired  by  a  primer  already  inserted.. 

The  various  charges  used  in  the  experiments,  with  the  varied  circum- 
stances and  results,  are  given  in  the  following  table : 
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Measurements  of  bronze  gun  before,  during,  and  after  the  experiments. 


Diameters. 

Distance  from  mazzle. 

Diameters. 

Distance  firom  muzzle. 

a   .5 

-5a 

m 

=:-i 

*«  p 

►,«'■ 

Inctus. 
53    

Inches. 
a  69 
a69 
a  69 

a  69 

a  693 
a  698 
a  709 

a  710 

Inches. 

a  71 
a  71 
a  711 
a  72 
a  715 

a  709 

a  715 

a  722 
a  735 
a  722 
a  728 
a  733 
a  735 
a  730 
a  735 

Inches. 

a  72 
a  73 

a  743 

a  75 

a  752 
a  755 
a  758 
a  768 
a  770 

a  76 

a  757 
a  745 

a  74 

a  735 

a  73 
a  72 

a  702 

Inches. 
35 

Inches.  Inches. 

InduL 

52  

34 

a682       3.692 

X6M 

51 

33 

50  

32 

a683       a690 

IB 

40 

31 

48 

30 

a681       a688 
aOKB       a683 
3.682       a  680 

3Le9 

47 ^ 

28 

3.885 

46 

26 

3.(3 

45}  

24 

a690 
a685 

a  700 

a  685 
a686 

aTao 

lit 

45 

"a  720 
a  725 
a  725 

a  715 
a  71 
a  71 

22 

3.05 

44 

20 

in 

43 

18 

a  712     a  713 

in 

42 

16 

a  705 
a  702 
a690 

a6g8 

a  728 

a  714 

a  701 

aG96 
a  685 

a  710 

ITC 

41 

14 

lit 

40 

12 

19 

39 

10 

5 

19 

38 

a  70 

a  735 

in 

37 

0 

3.760       a7S5 

iTi 

36 

a  69 

a  690 

a698 

1 

Length  of  bore,  54.8  inches;  fVom  fkce  of  muzzle  to  reinforce,  28.84  inches;  length  of  reinforcf.!?' 
inches;  diameters  of  reinforce,  9  and  9.7  inches.    (See  Plate  X.) 

Measurements  of  iron  gun  before  and  after  the  experiments. 


Diameters. 

Distance  ftt>m 
muzzle. 

December 
14,1854. 

Febmary 
13,1855. 

Inches. 
46 

Inches. 
a  705 
a  692 
a  699 
8.692 
a  695 
a  695 
a  698 
a  698 
a698 
a  699 
a698 

Inches. 
a  705 
a  69 

a  70 

a  695 
a  695 
a  695 
a  697 

a  69 

a  696 
a696 
a  697 

45 

44 

43 

42 

41 

40 

39 

38 

37 

36 

Distance  from 
muzzle. 


'    Inches. 

35 , 

34 I 

33 

32 

31 

30 

29 

28 

27 

26 

25 


Diameters. 

ruary 
1855. 

>B       > 

9^ 

■(D  W 

JTiH 

^^ 

Inches. 

1 

Inches. 

a  696 

a  697  1 

a  700 

a  698 

a  698 

a  697  : 

a  700 

a  698 

a  702 

a  691  1 

a  693 

a689 

a690 

•  ••-••••' 

a  685 

a  685 

a  683 

a  683 

3.680 

a  680 

1 

1 

Diameten. 


Distance  ftt>m 
muzzle. 


24. 
22. 
20. 
18. 
16. 
14. 
12. 
10, 

5. 

0. 


Inches. 


I:- 


Inches. 

a680 


£• 


3.680 

an 

I      3.T«2 
I      S.7«2 

I    att 

i    an 

aTS 


Length  of  bore,  47.5  inches. 

It  will  be  noticed  that  in  four  instances  the  stroke  of  the  piston  was 
undetermined  in  consequence  of  the  ^'  vanishing'^  of  the  line  on  the  pis- 
ton-stem witheut  distinct  termination.  After  a  little  consideration,  the 
cause  assigned  to  this  occurrence  was  that  under  particularly  heavy 
pressures,  producing  a  long  and  quick  stroke,  the  escape  of  the  oil  from 
the  tubular  support  of  the  marking-point  (caused  by  the  entrance  of  tiie 
piston-stem)  was  so  much  resisted  in  consequence  of  the  want  of  suffi- 
cient escape-holes  that  a  pressure  sufficient  to  wholly  counteract  that  of 
the  spring  on  the  marking-point  was  brought  to  bear  upon  it  froni  within. 
That  this  was  a  correct  conclusion,  seems  to  have  been  attested  by  the 
results  following  the  enlargement  of  the  escape-holes,  as  noted  in  the 
table. 
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According  to  our  exi)erimeiit8,  the  maximum  pressures  which  differ- 
ent portions  of  the  sides  of  the  bore  of  the  gun  must  sustain,  with  a  given 
charge,  do  not  always  diminish  with  their  increased  distance  from  the 
)ottom  of  the  bore.  This  has  been  thought  to  cast  doubt  on  the  correct- 
less  of  the  indications. 

That  the  pressure  at  each  particular  part  of  the  bore  does  not  regu- 
arly  reach  its  height  and  continuously  decline,  will,  it  is  believed,  ap- 
pear from  an  examination  into  the  movements  of  the  gases  in  the  gun. 

To  begin  with  the  simplest  case,  we  will  suppose  the  gases  to  occupy 
a  space  which  remains  for  a  sensible  time  the  same.  That  the  tension 
of  the  gases  behind  the  ball  is  not  uniform  might  be  expected,  and  will 
appear  from  the  indications  of  our  instrument  in  the  experiments.* 

The  average  pressure  indicated  at  different  distances  from  the  bottom 
of  the  bore,  the  charge  being  in  each  case  1^  pounds  of  powder,  in  a 
cartridge-bag,  and  one  6-pounder  shot,  is  given  below: 

Distance  ftt)in  the  Pressure  per 

bottom  of  bore.  sq.  in. 

1-inch  (bronze  gun) 20, 210  poande. 

li  "     (iron  gun; 18,150       " 

4    '<     (bronzegun) 16,510        " 

The  condition  of  the  gases  will  be  represented  in  the  diagram  of  the 
bore  and  its  contents,  given  below,  by  marking  the  space  they  are  sup- 
posed to  occupy  with  lines  varying  in  breadth  according  to  the  tension. 

It  is  evident  that  a  difference 
of  tension  amounting  to  3,800  Fidl 


pounds    in    the  distance  of  3  m||||||||^ \ -j 

inches  will  not  allow  the  gases  to  Will II 1 11^ — ^ 


remain  in  quiescence,  but  must  ^'-fc^ ^ 

give  rise  to  vibrations  of  great  (|||]]||||^  ,A: 


force,  and  alternations  of  tension 
finch  as  are  represented  in  the  diagrams  1st  and  2d.  A  just  impression 
of  their  force  requires  the  recollection  that  the  weight  of  the  gases  is  the 
same  as  that  of  the  powder  from  which  they  were  generated. 


Evidences  of  vibration  are  to  be  seen  in  the  marks  on  some  of  the  piez- 
ometer wires.  The  center  of  gravity  of  the  piston  does  not  lie  in  the 
line  of  its  axis,  and  in  some  cases  the  recoil  of  the  gun  has  caused  a  par- 
tial rotation  of  the  piston  during  the  formation  of  the  line  on  its  stem. 
rhe  sketch  in  the  margin  represents,  proximately,  a  line  on  one  of  the 
srires  (as  it  appears  under  the  microscope),  the  piston  having  rotated 
nearly  90<^  during  its  formation.  The  effect  of  an  enlargement  of  the 
space  during  the  vibration,  such  as  actually  occurs^  will  evidently  be  to 
increase  the  amplitude  of  the  vibrations  and  to  dimmish  their  frequency 

*The  cause  of  this  difference  of  tension  will  be  found  in  the  reaction  of  the  expand- 
ing gaaes  of  the  forward  part  of  the  charge  upon  that  in  the  rear  ;  each  stratum  of 
[K>waer  opposing  the  expansion  of  that  behind  it  not  only  by  its  dead  inertia,  but  by 
naking  it,  so  to  speak,  a  ^\ni  (Pappui  in  giving  motion  to  its  own  particles.  The 
iffect  of  tliis  cause  is  strikingly  exhibited  by  the  pressures  exerted  near  the  bottom  of 
;he  bore  by  different  blank  charges.  The  pressure  indicated  by  the  piezometer  at  1 
neh  from  the  bottom  was :  with  I^  lbs.  powder,  5,480  lbs.  per  square  inch ;  with  ^  "^"  - 
>,780;  with  3  lbs.,  14,820. 
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and  force.  Tbeamonnt  of  this  effect,  and  the  unmber  of  Tibratioas  oc- 
cturing  before  tlie  ball  leaves  the  gun,  vill  depend,  other  things  being 
equal,  on  the  weight  of  the  ball.  The  figures  below  are  designed  to  illu- 
trate  the  character  of  the  variations  of  tension  occuiriiig  while  the  bal) 
is  leaving  the  bore : 


■11 


■mi 


Adopting  another  mode  of  illostratioD  and  repre- 
sentiDg  tension  by  perpendicular  distance  &om  a 
horizontal  line — the  waved  line  A  B  will  denote  the 
maximum  pressure  snstamed  by  the  different  parts 
of  the  bore.  The  supposed  limits  of  the  cavity  dur- 
ing the  Buooessive  vibrations  are  given  in  vertical 
lines.  If  a  true  explanation  of  the  action  of  the 
gases  has  been  given,  there  will  be  no  difficulty  in 
accounting  for  uie  fact  that  the  indications  of  our 
instrument  do  not  give  the  pressures  at  difE<erent 
parts  of  the  bore  the  order  of  their  distances  from 
the  bottom,  as  do  the  pistol-ball  velocities  obtained 
in  the  experiments  made  with  Colonel  Bomford's  ap- 
paratus at  Watertown  Arsenal  in  1842.  The  latter 
present  a  comparative  indication  of  the  average 
rather  than  the  maximum  preasure  during  its  action 
on  the  balls. 

The  capability  of  the  piezometer  to  measure  pres-  *^ 
sures  of  much  more  brief  duration  than  the  time  of 
the  passage  of  the  ball  through  the  pistol-barrel  will 
appear  from  a  comparison  of  the  ineriia  to  be  over- 
come in  each  case.  The  weight  of  the  piston  and 
stem  is  20  grains,  and  the  resistanoe  of  the  inertia 
of  the  oil  is  equivalent  to  that  of  about  36  additional  grains,  while  Um 
weight  of  the  pistol-ball  is  218  grains.  After  taking  into  account  the  dif- 
ferences of  area  and  the  mode  of  action  in  the  two  oases,  I  think  it  ma; 
be  safely  concluded  that  the  piston  will  have  reached  its  extreme  postin 
as  soon,  at  least,  as  the  ball  has  passed  through  the  same  distance. 

The  superior  practical  importance  of  determining  the  greatest  instead 
of  the  average  pressure  upon  the  sides  of  the  bore,  with  reference  to  the 
construction  of  guns,  is  evident  from  the  fact  that  the  strength  <rf  tbe 
gun  must  be  adapted  to  the  former  and  not  to  the  latt«r.  The  inade- 
quacy of  the  mode  of  determining,  even  relatively,  the  amount  of 
pressures  of  very  brief  duration  by  tbe  initial  velocities  of  balls  projected 
by  them  is  shown  by  the  effects  of  detonating  powders  used  in  flre-arms: 
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-the  barrel  may  be  shattered  while  the  ball  is  thrown  with  comparatively 
little  force. 

The  effect  of  increasing  the  charge  of  powder,  compared  with  that  of 
increasing  the  weight  of  the  projectile,  in  augmenting  the  pressure  was 
unexi>ected,  and  ha^  to  some  seemed  almost  incredible ;  although,  as  is 
not  surprising  in  regard  to  a  subject  of  such  a  nature,  opposite  views 
are  held  by  men  thoroughly  conversant  with  artillery. 

The  meau  of  the  pressnres  indicated  at  1  inch  from  the  bottom  of  the 
bore,  with  a  charge  of  1^  pounds  of  powder  and  a  ball  weighing,  with 

its  sabot,  6.3  pounds  nearly,  was ,....  20,210  pounds. 

With  the  same  charge,  at  1^  inches  from  the  bottom 18,  l&O       ** 

With  1^  pounds  powder  and  a  shot  weighing  12.15  pounds,  at  1^ 

inches  from  bottom 20,743       ** 

With  2  pounds  powder  and  a  ball  of  6.36  pounds,  at  1  inch  from  bottom.  20, 640       '* 
With  3  pounds  powder  and  a  ball  of  6.43  pounds,  at  1  inch  from  bottom.  22, 220       ** 

The  pressure  in  the  cases  in  which  shot  of  12.15  pounds  weight  were 
used)  reduced  to  that  which  would  be  indicated  at  1  inch  from  the  bot- 
tom of  the  bore,  on  the  supposition  that  the  same  difference  would  exist 
as  with  the  smaller  charges,  would  be  22,700  pounds,  indicating  that 
the  effect  of  doubhng  the  weight  of  the  ball  (but  with  diminished 
windage)  is  not  very  different  from  doubling  the  weight  of  the  powder—* 
instead  of  increasing  the  pressure  in  a  miK^h  greater  ratio,  as  some  have 
supposed. 

The  results  of  the  experiments  with  the  musket-barrel  accord,  so  &;t 
as  they  admit  of  comparison,  with  those  just  stated.  The  manner  in 
which  an  increased  charge  of  powder  may  be  supposed  to  affect  the 
pressure  has  already  been  referred  to,  and  illustrated  by  reference  to 
the  experiments  with  blank  charges.  The  resistanee  of  the  forming 
gases  in  that  part  of  the  charge  which  is  least  confined,  to  the  expan- 
sion of  those  in  other  parts  of  the  charge,  is  perhaps  most  strikingly 
illustrated  by  the  action  of  the  fulminates,  which,  in  quantities  of  a  few 
grains,  will,  as  is  well  known,  tear  in  pieces  a  brass  or  copper  plate  upon 
which  they  are  gently  heated. 

The  variations  of  pressure  sustained  by  the  gun  when  fired  with 
charges  very  nearly  the  same  are  greater,  as  might  be  expected,  than 
the  variations  of  initial  velocity  imparted  to  the  ball  under  similar  cir- 
cumstances. 

When  the  combustion  of  the  powder  takes  place  with  more  than 
average  rapidity,  the  pressure  in  the  first  instants  of  the  explosion  is 
augmented,  but  its  action  on  the  ball  is  not  so  well  sustained  as  in  the 
case  in  which  the  combustion  is  more  slow  and  consequently  longer 
continued. 

The  following  table  of  initial  velocities  of  6-pounder  balls,  extracted 
^om  a  table  in  Major  Mordecai's  "Second  Eeport"  of  his  experiments 
on  gunpowder,  will  serve  for  the  comparison : 

Initial  velocHiea  of  balls  fired  from  a  ^pounder  gun. 


Powder. 


Weight. 

Height. 

1.  5 

Pounds. 

Inches. 

4.8 

15  :  

4.8 

1.5 

• 

4.9 

15 

1.5 

15 

Shot. 


Weight. 


Pound*. 
6.11 
6.15 
6.13 
6.26 
6.87 
6.3 


Diam. 


Inches. 
3.58 


It 
tt 

tt 
(t 


Initial   t  e 
locity. 


Ft.  per  see'd. 
1,594 
1,580 
1,553 
1.538 
1,498 
1,520 


! 


Fixed  ammunition. 
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Extract  from  an  article  ^^On  the  Pressure  of  Fired  Gunpoicder  in  its  Prac- 
tical Applications^^  by  William  E,  Woodhridge^  M,  D.,  American  Journal 
of  Science  and  Arts,  September^  185G,  referred  to  in  Major  Mordeca^i 
letter  of  November  3,  1856. 

[After  reference  to  the  experiments  of  Count  Eumford,  who  estimated 
the  pressure  of  gunpowder  fired  in  a  space  which  it  filled  at  not  less 
than  54,750  atmospheres — ^from  an  erroneous  estimate  of  the  strength 
of  his  eprouvette,  which  was  burst  by  the  charge— the  following  ex- 
periment is  given :] 

"The  following  experiment  seems  to  show  that  the  extreme  force  of 
gunpowder  fired  in  small  quantities  does  not  exceed  6,200  atmospheres. 

"  I  inclosed  in  a  hollow  cylinder  of  cast  steel,  1 J  inches  in  exterior  diame- 
ter and  one-fourth  of  an  inch  in  diameter  interiorly,  20  grains  of  Hazzard's 
Kentucky  rifle  powder,  which  filled,  loosely,  the  cavity.  This  was  tird 
by  a  flash  of  powder  penetrating  through  the  aperture  of  a  valve  (of 
steel)  opening  inward,  but  designed  to  prevent  the  escape  of  gas  out- 
ward. The  cylinder  was  not  ruptured,  and,  being  put  under  water,  no 
gas  was  found  to  escape  (the  weight  of  the  instrument  was  too  great 
to  test  the  loss  of  gas  by  my  scales).  On  pressing  in  the  valve  by  meang 
of  a  screw,  an  abundance  of  gas  escax)ed,  carrying  with  it  the  odor  of 
sulphuretted  hydrogen.  The  seat  of  the  valve  was  found  to  remain  per- 
fect ;  a  fact  which,  when  compared  with  a  former  trial  in  which  tk 
gases  escaped  in  consequence  of  a  slight  defect  of  the  valve,  is  presump- 
tive proof  of  its  immediate  action.  The  residuum  was  found  to  wei^ 
10.45  grains.  The  calculated  strength  of  the  cylinder  would  be  equal  to 
an  internal  pressure  of  about  93,0W  pounds  per  square  inch,  or  6,200 
atmospheres  of  15  i)ounds.'' 


REMARKS. 


Washington,  November  20, 1878. 

Sir:  In  the  account  of  experiments  on  the  pressure  of  fired  gmi- 
powder  which  I  had  the  honor  to  fiu-nish  to  your  predecessor  in  com- 
mand of  the  Ordnance  Department  in  the  year  1855,  and  which  I  leam 
is  about  to  be  printed,  there  is  mention  of  a  correction  necessary  to 
render  the  indications  of  a  piezometer  exact,  and  an  intimation  of  data 
ascertained,  which,  though  not  sufliciently  precise  to  afford  exact  re- 
sults, nevertheless  showed  that  the  correction  was  not  unimportant 

It  was  at  that  time  hoped  that  further  experiments  would  be  insti- 
tuted to  determine  this  correction  with  accuracy.  Since  this  Las  not 
been  done  it  may  be  of  interest  to  state  the  method  by  which  the  data 
referred  to  were  obtained  and  the  principles  by  which  they  were  applied 
in  reaching  the  conclusion  stated. 

I  have  done  this  in  the  accompanying  communication,  adding  some 
suggestions  as  to  a  proper  mode  of  supplying  the  correction  sx>oken  ofi 
and  as  to  the  relative  accuracy  of  the  method  of  measuring  powder- 
pressures  by  the  compression  of  a  liquid. 

I  have  the  honor  to  remain,  very  respectfully,  vour  obedient  servant, 

AV.  E.  AYOODBKIDGE. 

General  S.  V.  Ben6t, 

Chief  of  Ordnance. 
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Remarks  on  the  ^^ correction^  referred  to  in  the  preceding  account  of  experi- 
ments on  tJie  pressure  of  fired  gunpowder ^  and  on  the  relative  accuracy  of 
themethod  therein  described. 

When  the  experiments  on  the  compressibility  of  oil  inclosed  in  glass 
forming  part  of  the  experiments  on  the  pressure  of  fired  gunpowder  in 
L854-'55)  had  been  completed,  two  further  experiments  were  made  with 
:he  same  apparatus  (see  Plate  VIII),  coritinuing  in  the  same  condition, 
rhe  object  was  to  ascertain,  for  each  of  the  temperatures  adopted,  to 
what  extent  the  compressea  oil,  released  from  a  pressure  of  10,000 
x)unds  i)er  square  inch  as  quickly  as  could  be  done  with  safety  to  the 
idjustment  of  the  instruments,  would  regain  its  former  volume  at  the 
nstant  of  release — ^that  is,  before  it  should  have  time  to  absorb  sufficient 
leat  from  the  surroundings  to  sensibly  change  the  lowered  temperature 
•esulting  from  the  conversion  of  heat  into  mechanical  energy  during  ex- 
[>ansion. 

After  applying  the  designated  pressure  and  maintaining  it  for  some 
Sme  at  the  selected  temperature,  50°  or  60°,  that  part  of  the  scale  of  the 
nstmment  containing  the  oil  which  was  expected  to  show  thatemporary 
irrest  of  expansive  action  was  brought  into  the  field  of  vision,  the  valve 
x>ntrolling  the  connection  between  the  receiver  and  the  pump  was  closed 
ind  the  outlet  valve  opened.  For  a  moment,  in  either  case,  the  piston 
3ecame  stationary  at  several  divisions  of  the  scale  below  the  position  it 
Kjcupied  when  the  original  temi)erature  and  volume  were  restored.  I 
regret  that  the  record  of  these  experiments  is  not  now  accessible,  but 
the  exact  figures  are  not  essential  to,  a  consideration  of  the  principles 
involved.  Let  it  be  supposed  (for  the  present  purpose)  that  on  quick 
release  from  a  pressure  of  10,000  pounds,  at  a  temperature  of  60°,  the 
piston  stands,  for  the  moment,  at  6  divisions  of  the  scale  lower  than  it 
did  at  the  beginning  of  the  experiment,  which  may  not  be  far  from  the 
Actusd  occurrence.  By  reference  to  the  table  of  "  compression  under 
risnal  observation''  [see  p.  724 J  (which  may  in  fact  be  considered  as  po- 
tentially a  table  of  expansions  at  the  various  pressures  noted),  it  will  be 
»een  that  the  difference  in  volume  or  expansion  between  5(P  and  60°,  at 
the  atmospheric  pressure,  was  15.8  di\isions,  or  1.58  for  each  degree. 

A  depression  of  6  divisions  will  therefore  correspond  to  a  diminution 
L)f  temperature  of  3^.8,  or  an  actual  temperature  of  56^.2. 

Since  tcork  and  heat  are  mutually  convertible,  it  follows  that  oil  at  the 
temperature  of  56o.2  submitted  to  a  pressure  of  10,000  pounds  applied  so 
rapidly  that,  virtually,  no  heat  is  lost  by  diffusion  to  surrounding  objects 
[which  is  the  case  in  the  application  of  the  piezometer  to  the  measure- 
ment of  gunpowder  pressure),  its  temperature  will  be  raised  to  60^.  It 
will  thus  appear  that,  in  the  instance  supposed  (in  which  the  tempera- 
ture of  the  oil  is  56o.2  at  the  outset),  the  true  pressure  must  be  read 
from  the  column  of  the  table  giving  compressions  at  60^,  for  that  is 
really  the  temi)erature  at  which  the  compression  is  effected. 

To  make  the  results  obtained  in  the  use  of  the  piezometer  strictly  com- 
parable with  the  facts  before  us,  that  instrument  should  be  set  (that  is, 
the  oil  should  be  brought  to  and  fixed  at  the  standard  volume)  at  60^ 
and  submitted  to  pressure  at  56o.2.* 

If,  then,  with  the  piezometer  set  at  60^  and  exposed  to  the  pressure 
of  the  gases  in  the  gun  at  56^.2,  we  obtain  a  stroke  of  0".251  (the 
equivalent  of  80.8  at  6(P  in  the  table),  we  refer  to  the  curve  of  compres- 
sions at  60^  and  find  that  the  pressure  was  10,000  pounds. 

*Thi8  method  was  not  practiced  iu  the  experiments  made  in  1854-'55,  but  it  changes 
nothing  in  the  principles  involved,  and  pre^sents  a  simpler  case  for  comparison  with 
the  experiments  from  which  the  table  of  compressions  is  derived. 
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In  this  way  we  have,  in  this  case  constmcted  to  meet  our  data,  arriTed 
at  the  corrected  pressure. 

We  may  now  turn  to  the  indication  of  pressure  uncorrected  by  refer- 
ence to  the  effects  of  the  change  of  temperature  resulting  from  com- 
pression, which  is  to  be  derived  by  interpolation  from  the  data  given  in 
the  table  before  referred  to,  as  follows: 

The  "  height  of  oil "  in  the  instrument  under  10,000  pounds'  pressure 
to  the  square  inch  and  at  the  temperature  of  (yiP  we  find  to  be  at  80.S 
of  the  scale.  With  the  same  pressure  and  a  temperature  of  50^  we  find 
it  to  be  at  59.8.  The  difference  is  21  divisions  of  the  scale.  Supposing 
the  rate  of  expansion  under  the  pressure  mentioned  to  be  uniform,  the 
rate  is  2.1  divisions  for  each  degree  Fahr.,  so  that  at  56^.2  the  oil  would 
stand  at  72.82.  In  the  same  way  we  find  that,  under  pressure  of  9,000 
pounds  per  square  inch  and  at  56o.2,  the  oil  would  stand  at  83.576, 
giving  a  diflfereuce  of  height  of  10.750  divisions  for  1,000  i>ounds  differ 
ence  of  pressure,  so  that  each  division  represents  a  pressure  of  92.9 
pounds.  But  the  stroke  of  the  piezometer  is  equivalent  to  80.8  of  the 
scale,  which  is  8.02  divisions  above  the  point  to  which,  we  have  seen,  it 
would  be  Carried  by  a  continued  application  of  10,000  pounds'  pressure 
per  square  inch,  and  therefore  indicates  a  pressure  (uncorrected)  of  9,255 
pounds,  or  745  pounds  less  than  the  true  one. 

It  is  probable  that  a  more  suitable  oil  might  have  been  selected  for 
the  experiments;  or  at  least  that  the  compression  at  50<^  would  have 
been  more  regular  had  the  oil  been  strained  at  a  lower  temperat^ire  than 
that  employed  in  its  preparation. 

It  can  hardly  be  doubted  that  ^  considerable  part  of  the  compression 
apparent  under  the  higher  pressures  at  50^  must  be  attributed  to  the 
solidification  of  a  portion  of  the  oil.  If  this  be  so,  the  method  of  inter- 
polation employed  above  probably  carries  the  volume  of  oil  at  56^.2 
much  too  far  toward  that  at  50^  under  the  same  pressure,  and  rendeis 
the  hypothetical  error  stated  above  considerably  larger  than  it  really 
should  be. 

A  series  of  experiments  like  those  above  mentioned  on  the  volume  and 
temperature  of  oil  quickly  released  from  pressure  would,  if  carefully  made, 
and  covering  sufficiently  high  pressures,  afford  all  the  data  requisite  for 
a  complete  teble  of  the  corrections  necessary. 

Another  method,  however,  which  will  be  described  briefly,  would  be 
more  easy  in  execution  and  more  direct  in  its  application.  It  may  perhaps 
be  said  to  ob^i»t<*,  the  necessity  of  a  correction  rather  than  to  supply  it 
The  accompanying  djawing  of  a  jiortion  of  the  apparatus  required  (Plate 
XI)  will  facilitate  the  exi)lauation. 

A  A  is  a  strong  receiver  (represented  by  a  vertical  section  through  the 
center  of  its  diameter),  to  be  charged  with  compressed  air  forced  through 
the  passage  a,  which  is  also  the  means  of  communication  with  the  neces- 
sary valves  and  pressure-gauge.  A  tube  or  barrel,  B  B,  is  screwed  into 
the  lower  end  of  the  receiver.  It  is  accurately  bored,  and  fitted  with 
two  pistons,  C  and  D.  The  upper  piston.  C,  inserted  into  the  top  of  the 
barrel,  is  adapted  to  a  short  motion  only,  and  is  restrained  from  de- 
scending by  an  enlargement  or  shoulder  resting  on  the  upper  end  of  the 
barrel.  It  should  be  as  light  as  is  consistent  with  strength  suflBci^nt  to 
resist  the  pressure  it  may  be  required  to  bear,  and  should  be  surrounded 
with  a  small  quantity  of  oil. 

The  office  of  the  receiver  and  piston  C  is  to  supply  a  spring  capable 
of  opposing  a  regulated,  and,  within  short  limits,  a  nearly  constant  re- 
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bstance  to  the  pressure  of  a  liquid  to  be  forced  up  below  it  by  means  of 
be  piston  D. 

As  the  particular  mechanism  for  operating  that  piston  is  not  essential 
r  it  serves  to  apply  the  pressure  as  quickly  as  may  be  required  and  to 
elease  it  as  readily,  it  is  not  necessary  to  enter  into  a  particular  descrip- 
ion.  In  general  terms  it  may  be  stated  that  the  requirements  can  be 
olfilled  by  means  of  a  single  heavy  spring,  brought  at  will  to  the  neces- 
ary  flexure  and  tension  by  the  operation  of  a  screw,  and  so  arranged 
hat  it  may  be  instantaneously  releaseti — first,  from  the  restraint  which 
prevents  its  action  on  the  piston,  and  then  from  all  flexure,  by  which  the 
liston  would  be  wholly  relieved  from  pressure. 

The  manner  of  using  the  apparatus  would  be  as  follows:  Having  de- 
icled  upon  the  pressure  and  temperature  at  which  the  experiment  is  to 
>e  made,  air  is  forced  into  the  receiver  until  some  excess  of  pressure  is 
obtained.  The  lower  piston  having  been  removed,  the  "  piezometer,'^ 
iToperly  ifiUed  and  '^set,''  is  placed  within  the  barrel  and  the  piston  in- 
lertetl  after  it.  The  two  pistons  D  and  C  should  be  left  separated  by  a 
listance  somewhat  greater  than  the  length  of  the  piezometer,  for  a  reason 
^hich  will  presently  appear.  The  vacuity  between  them  is  fille<l  with  oil 
ntroduced  through  the  passage  d  in  the  piston  I),  air  escaping  through 
ihe  passage  p  (drilled  in  the  barrel)  until  the  space  is  filled,  when  the 
passages  are  closed  by  screws. 

The  receiver,  barrel,  and  contents  are  now  to  be  brought  to  the  chosen 
:emperature  (with  the  aid  of  a  water-bath)  and  the  pressure  adjusted  by 
the  release  of  a  suflicient  quantity  of  air  from  the  receiver.  When  this 
is  done  the  piston  D  is  forced  rapidly  in  (by  means  of  the  mechanism  pre- 
rioosly  referred  to)  to  such  a  distance  as  shall  slightly  raise  the  piston 
C,  and  then  quickly  released. 

In  this  operation  the  oil  between  the  pistons,  with  the  piezometer  and 
t»  contents,  will  have  been  subjected  to  the  same  pressure  as  that  sus- 
lained  by  the  receiver.  The  time  occupied  in  doing  it  will  have  been 
luite  too  small  for  any  appreciable  diffusion  of  the  heat  generated  by 
x>mpre8sion,  and  the  record  of  the  piezometer  will  be  just  that  which  it 
irould  have  been  if  subjected  to  equal  pressure  in  a  gun. 

A  sufiieient  number  of  experiments  conducted  in  this  way,  with  diflfer- 
Mit  pressures  and  temperatures,  wo^d  supply  the  data  for  constructing 
lumerical  tables  or  curves  expressing  the  relations  between  piezometer- 
itrokes  and  the  pressures  producing  them,  and  needing  no  correction 
prhen  applied  to  gnni>owder  x>ressures. 

In  conducting  a  series  of  such  experiments  the  work  would  be  greatly 
expedited  by  beginning  with  the  highest  pressures  and  lowest  tempera- 
tures ;  because  the  adjustments  of  pressures  could  be  made  by  success- 
ve  diminutions  of  the  quantity  of  air  contained  in  the  receiver. 

There  are,  of  course,  precautions  and  details  which  cannot  be  noticed 
ji  this  sketch,  though  their  recognition  is  important  in  i>raetice. 

For  reasons  which  will  be  stated,  I  regard  the  method  of  ascertaining 
lawder  pressures  by  the  registered  compression  of  a  liquid  as  capable  of 
greater  accuracy  than  those  which  are  based  upon  indentation  or  otlier 
change  of  form  in  pieces  of  metal  acted  on  by  a  piston  receiving  the 
^lessore  to  be  measure<l. 

The  effect  of  the  rise  of  temperature  resulting  from  compression  on  the 
\jrtent  of  compression  has,  of  course,  a  definite  relation  to  the  pressure 
erasing  it;  and  this  relation  is  susceptible  of  acciuute  determination,  or, 
f  elimination,  by  different  methods. 

This  correction  being  supplied  or  rendered  unnecessary,  the  only  re- 
Qaining  inquiry  which  can  be  of  importance  to   the  indications  of  the 
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piezometer  described  in  the  preceding  papers  relates  to  the  influence  of 
the  inertia  of  the  piston  in  modifying  the  length  of  its  stroke. 

The  amount  of  this  influence,  which  varies  with  the  rate  of  augmenta- 
tion of  the  pressure  acting  on  the  piston,  is  incapable  of  determination, 
since  that  rate  cannot  be  known. 

The  error  is  common  to  both  classes  of  instruments  mentioned,  and 
can  be  reduced  to  a  minimum  only  by  employing  the  least  weight  of 
metal  in  the  piston  that  is  compatible  with  the  pe^ormance  of  its  fanc^ 
tions. 

In  devising  the  concave  spiral  pressure-gauge  described  in  Appendix 
F  to  the  Eeport  of  the  Chief  of  Ordnance,  1875  (page  135,  Plate  5), 
reference  was  had  to  this  requirement.  Yet  the  piston  is,  and  mustre^ 
main,  many  times  heavier  than  that  of  the  piezometer,  the  weight  of 
which  might  be  further  reduced.  In  one  case,  the  piston  is  an  infitro- 
ment  subjected  to  violent  strains,  and  therefore  requires  to  be  strong; 
while  in  the  other  its  action  is  merely  that  of  a  septumhetweeA  the  defi- 
nite quantity  of  oil  of  which  the  compression  is  to  be  registered  and  that 
lying  without,  and  having  no  other  work  to  do  than  to  overcome  the 
friction  of  the  "  stem"  under  the  pressure  of  the  "  marking-point.'' 

The  superiority  of  a  liquid,  employed  as  proposed,  over  a  piece  of  metal 
to  be  changed  in  form,  arises  principally  from  the  greater  simphcity  of 
its  mechanical  charact^eristics. 

Disks  of  metal,  though  perfectly  pure,  or  of  an  alloy  exact  in  compo^ 
sition,  and  at  the  same  time  perfectly  sound,  may  offer  great  variations 
in  different  specimens  and  in  different  parts  of  the  same  specimen— in 
hardness,  in  tensile  strength,  in  elasticity  of  form  (distinguished  from 
elasticity  of  volume),  in  ductility,  and  in  the  property  sometimes  called 
"  metallic  viscosity,''  or  "  rate  of  flow  "  under  pressure. 

None  of  these  are  properties  of  a  perfect  liquid.  Variation  in  anyone 
of  them  will  in  some  degree  change  the  indications  of  pressure  given  by 
the  gauge  in  which  the  disks  are  used;  and  no  individual  test  can  be 
appUed  without  rendering  the  pieces  useless.  The  best  that  can  be 
done  is  to  prepare  them  with  as  nearly  uniform  mechanical  treatment  as 
possible,  concluding  with  careful  annealing. 

Complete  soundness,  that  is,  perfect  interior  union,  is  a  condition  more 
rare  than  is  often  supposed,  and  unperceived  variations  in  respect  to, 
this  quality  may  lead  to  great  errors  in  some  forms  of  instrument 

An  important  source  of  error  in  the  indications  of  the  best  forms  of 
indenting  or  crushing  gauges  arises  from  the  uncertainty  attending  the 
"rate  of  flow" — which,  in  its  relations  to  the  employment  of  these  in- 
struments, presents  a  problem  which  must  lack,  in  each  case,  one  of  the 
elements  necessary  to  its  solution,  namely,  the  time  iu  which  the  change 
is  wrought. 

The  evident  exemption  of  the  gauge  employing  compression  of  a  Uqnid 
from  so  many  errors,  apparently  without  the  substitution  of  others,  must, 
it  would  seem,  give  it  a  superior  claim  to  accuracy,  though  it  cannot^  of 
course,  be  used  with  the  same  facility  as  the  indenting  or  crushing 
gauges. 

There  would  be  no  diflSculty  in  adapting  such  an  instrument  for  use 
as  an  "  internal "  gauge.  In  using  it  some  time  would  be  required  to 
assure  a  correspondence  between  the  temperature  of  the  instrument  and 
that  of  the  gun,  as  the  former  temperature  would  be  taken  from  the  latter, 
unless  some  device  might  be  employed  in  connection  with  the  instru- 
ment for  recording  the  temperature  at  the  moment  of  firing — wliich 
need  not  be  considered  improbable. 
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APPENDIX  N. 

TRAJECTORIES   OP   ARMY  REVOLVERS. 
Capt.  Jomc  £.  Grekr,  Ordnance  Department. 

(One  plate.) 

National  Armory,  Springfield,  Mass., 

N'ovember  30,  1878. 

iiR :  In  accordance  with  your  instractions  of  November  8, 1  have  the 

nor  to  submit  herewith  certain  data  in  regard  to  the  Colt's  Army 

olver. 

is  there  were  no  records  of  firing  at  ranges  greater  than  25  yards  on 

at  this  armory,  the  results  given  are  necessarily  the  mean  of  a 
ited  number  of  targets  specially  made  for  the  purpose  of  getting 

data  required.  As  these  targets  were  made  with  great  care  by  a 
8t  excellent  marksman,  Mr.  R.  T.  Hare,  of  this  armory,  it  is  thought 
-t  the  results  obtained  will  not  difter  materially  from  those  deducible 
m  more  extended  firings. 

t  is  also  thought  that  as  the  Smith  &  Wesson  revolver  uses  the  same 
munition,  (the  service,)  and  as  the  velocities  obtained  are  about  the 
Qe  as  those  obtained  with  the  Colt,  the  data  given  may  be  considered, 
hout  material  error,  as  applicable  to  the  former  revolver, 
.^or  these  experiments  the  Colt's  was  sighted  at  300  yards,  the  regular 
ht  being  nominally  for  25  yards,  but  in  reality  just  as  much  so  for  50 
rds. 


THE  COLT'S  ARMY  REVOLVER. 


L — Rapidity  op  fire. 

This  arm  may  be  fired  18  times  in  one  minute  and  fifty-four  seconds, 
5g:iiming  and  ending  with  chambers  emi>ty. 

II. — Accuracy. 


DeviationB. 

50  yards. 

1 

1  100  yards. 

• 

150  yards. 

1 

200  yards. 

250  yards. 

300  yards. 

Ml  liorizontAl 

Inches. 
4.2 
3.3 
5.3 

Inches. 
3.8 
7.4 
8.3 

Inches. 
7 

10.1 
12.  3 

Inches. 

0.8 

12.5 

15.9 

Inches. 
20 
14.8 
24.0 

Inches. 
19.9 

Ml  vertical 

20.7 

Ui absolute 

28.7 

rhe  above  results  are  the  average  of  a  limited  number  of  targets  of 
shots  each. 

III. — Drift. 

!lie  twist  of  the  rifling  being  to  the  left,  the  drift  is  in  the  same 
BCtion.  The  tendency  to  throw  the  muzzle  to  the  right  by  the  pull 
the  trigger,  serves,  however,  largely  to  neutralize  the  drift  at  ranges 
i  than  150  yards.    At  300  yards  the  drift  is  about  30  inches. 
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IV. — Recoil. 


Weight  of  revolver. 


Weight  of  powder. 


Weight  of  balL 


Recoil  (tbeo:etk 


2.31  poimda. 


28  grains. 


230  grains. 


3.89  foot-pouDd 


V. — Penetration  in  white  pine. 


Range 50  yards. 


Inches. 


3J 


150  yards.     200  yards.      250  yardji.     300 


3| 


2i 


24 


A  penetration  of  one  inch  in  white  pine  corresponds  to  a  dang 
wound. 


VI. — ^Trajectory. 

a. —  Velodhf. 

Mean  initial  velocity,  730  feet 

6. — Angles  of  »ight. 


'Ran  fffi 

SOj'ards. 

• 

100  yards. 

150  yards. 

200  yards. 

250  yards.     3O0 

RlAvation 

1                                           ! 

DenrMsion 

JO  14/  24" 

57'  13" 

41'  41" 

25*  5 ' 

8*  54"      .... 

It  is  worthy  of  note  that  np  to  about  275  yards  the  axis  of  th< 
is  below  the  line  of  sight.  This  is  probably  due  to  the  fact  that  1 
the  ball  has  left  the  piece  the  barrel  is  rotated  upward — the  line ' 
plication  of  the  force  being  above  the  point  of  resistance,  the  h 
until  the  axis  of  the  bore  is  sufficiently  far  above  the  line  sight 
the  object  to  be  struck.  This  is  confirmed  by  firing  the  pistol  wi 
barrel  fimily  clamped  in  a  fixed  rest. 

With  the  revolver  held  in  the  usual  manner  in  the  hand,  am 
the  300-yards  elevation,  the  center  of  impact  was  44  inches  abo 
center  of  the  target  at  50  yards.  With  the  fixed  rest  the  center 
pact  was,  at  the  same  distance  and  with  the  same  elevation,  1^ 
above  the  center  of  the  target.  The  line  of  sight,  300-yards  ele^ 
and  axis  of  bore  are  nearly  parallel ;  the  latter  result  is,  therefore 
was  to  be  anticipated  if  the  barrel  were  rigidly  constrained. 

With  a  rifle  the  use  of  a  fixed  rest  invariably  raises  the  height 
center  of  impact  on  the  target,  just  the  reverse  of  the  pistol,  b 
circumstances  of  constraint  are  very  different. 

With  the  revolver  the  banel  was  clamped,  the  cylinder  and 
being  entirely  free,  while  with  the  rifle  the  sto3k  is  supporteil  at  tl 
and  sides,  the  barrel  having  a  limited  motion  in  and  with  the  fi 
the  stock. 
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iinates  of  trajectory  above  line  of  sight.     RangCj  300  yards;  '^OO-yards  elevation. 


1  diatance '    50  yards.      100  yards.     150  yards.     200  yards 


43.7 


69.4 


79.7 


71.5 


250  yards.  300  yarda. 


47 


0 


iiere  ig  but  one  height  of  rear-sight  on  this  revolver — viz,  that 
►onding  to  50  yards — the  center  of  imiiact  will  fall  lower  and 
>n  the  target  as  the  range  is  increased.  It  will,  therefore,  be 
iry  in  firing  to  raise  the  line  of  sight  as  much  above  the  object  as 
jectory  i)asse«  below  it. 

following  table  gives  the  ordinate's  of  points  of  the  trajectory 
yards,  below  the  line  of  sight  corresponding  to  50  yards. 

Ordinates  of  trajectory  below  line  of  sight.     Regular  sight ;  bO-yards  elevation. 


1  distance  — '. 50  yards.    '  100  yards. 


300  yards. 


16.2 


table  is  important,  as  it  shows  how  far  above  one  should  aim  in 
0  hit  the  object  at  the  distances  given.  For  instance,  at  150 yards 
nt  aimed  at  should  be  about  4  feet,  and  at  200  yartls  8  feet,  above 
ect. 

e. — Dangerous  space. 


CAVALRY  AGAINST  CAVALRY. 


Ascending  branch 
of  tnyectory. 

t 

Descending  branch 
of  trajectory. 

4  = 
i| 

•gsg, 

Yards. 

88.2 

149.7 

197.2 

116.3 

94.5 

72.9 

Distance. 

:  ^' 

Yards. 
All. 
AIL 
All. 
71.8 
57.7 
41.7 

1* 

Yards. 
3a  2 
49.7 
47.2 
44.5 
36.8 
31.2 

TotaL 

Yards. 

Yards. 

All. 

All. 

All. 

12 

7.5 

5.3 

Yards. 

88.2 

149.7 

197.2 

12a  3 

102. 

7a  2 

CAVALRY  AGAINST  INFANTRY. 




•"    "  " 

._ 

^    -       -    ^ 

' 

-  -    -     — 

s  .* 

Descending  branch 

23 

of  tr^e* 

L-tory. 

Xi2 

S  U> 

Distance. 

It 

1          .3 

c 

JS 

sl 

TotaL 

>fore  t 
object. 

yond  t 
object. 

=  "  i 

S  5  i 

X  O  5 

S  3  c 

1 

< 

i     pa 

Yards. 

pi 
Yards. 

Yards. 

Yards. 

Yards.    \ 

Yards. 

7. 6 

22.9    i 
46.7     ! 
46.9 
39.5 
.34.2    1 
26.2 

1 

24.5 
33.2 
31.2 
31.9 
27.5 
22.2 

55. 

79.9 

78. 1 

71.4 

01.7 

48.4 

5.5. 

79.  t 

78.1 

7L4 

61.7 

48.4 
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INFANTRY   AGAINST  CAVALRY. 


Distanc 


a.- 

Deseending  branch 

So 

of  tnOfc^^O'- 

1^ 

■§1 

< 

K  3  fi. 

3" 

1^ 


50 

Yards. 

Yards. 
AIL 

Yards. 

AU. 
AIL 
AIL 
AIL 

?•- 
4ok  .> 

Yards. 
63.5 
61.2 
57.5 
50.5 
40. 
27.7 

Yards. 

lias 

164.2 
207.5 
250.5 
112. 

7a2 

u 

VO 

AIL 

ISO 

AIL 

2P0 

AIL 

tfl> 

51.2 

no  . 

3S.2 

INFANTRY  AGAINST  INFANTRY. 


Didtaiico 


a*- 


j  Dcsci'nding  branch 
I      of  tn^iwtory. 


Yards.  Yards. 

50 AIL 

100 AIL 

150 15 

200 8.  S 

250 « 

300 4.6 


Yardit. 

AH. 

AIL 
71.  5 
49.7 
40.2 


Forcf*. 
41 

:{8 

2K 
20 


>3 


rard*. 

w, 

14L7 

109.6 

85.1 

68.7 

49. 


T«ti 


Ytn 


The  dangerous  apace  is  deteriiiined  under  tbe  assumption  thatafo 
«oldier  is  08  inches  in  height;  that  the  head  of  a  man  on  horse  is 
joiehes  from  the  ground;  that  the  pistol  is  at  the  height  of  the  eye,o 
inches  below  the  top  of  the  head,  Jind  that  the  points  aimed  at  are 
and  48  inches  from  the  ground  for  infantry  and  cavalry,  respe^'tively 

The  dangerous  space  may  be  increa.sed  by  the  lirer  lying  down  a 
aiming  at  the  feet  of  the  enemy. 
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lAJECTORlES    OF    THK    SPRINGFIELD    AND     THE     PEABODY-MARTIM 

RIFLES. 

Capt.  John*  E.  Grrbk,  Ordnance  Department. 

(Que  plate.) 

rtain  comparisons  instituted  between  the  Springfield  and  the  Peabod^ 
Martini  rifleH  by  Capt  John  E,  Oreer^  under  the  direction  of  Bvt.  Col^ 
James  O.  Benton^  commanding  the  National  Armory. 

The  Pei^body  was  a  uew  giia  just  receive^l,  together  with  a  supply  of 
^munition,  from  the  Providence  Tool  Company. 
It  was  proi>08ecl  to  compare  these  rifles  in  the  following  particulars, 
z :  Accuracy  at  300, 500,  and  1,000 yards;  penetration  at  1,000  and  2,00t 
irds;  flatness  of  trajectoiy,  as  shown  by  angles  of  elevation,  at  the 
jne  distances;  initial  velocity,  and  the  effect  of  rifling  on  the  velocity- 
wing  to  the  impossibility  of  getting  a  range  of  2,000  yards,  one  of  1,669 
irds — the  longest  that  could  be  obtained— was  taken.  The  results  are 
mtained  in  the  following  tables : 


Accuracy. 


300  vanls. 


500  yards. 


1,000  yardH. 


Riflt'. 


Mean      Mimii 

hor.    I     ver. 

dev'n.  ;  dev'ii. 


Mean  '   MtVHn  I   Mean 

aim.         lior.         ver. 

d«v'u.     dev'n.     devn. 


JrinjEfield 

wlMNlvMnrtini 


riii^eld 

•body-Martlni 


Inches.    Ineheti. 
3  3.  r>s 

4.  r.       2. 7rt 


Inches.  Inches. 
4.67  4.96 
5.  28  !       8.  3 


Inches. 
6.1 
8.8 


Mf*an      Mean 

ab8.         hor. 

dev'iL     dev'n. 


Meaa 

aba. 

dev'n. 


Inches.  \  Inches.    Inches.  1  Inckm. 

7.8  !       13.2         16.6  i      2L2 


12.1 


21.3 


31.4 


37.  M 


Ritle. 


Tarjret  of  10  shot*.  Target  of  10  shots.  Tarjjet  of  20  ahota. 

Filed  from  shoulder  and  miiKzIe  rest. 
Penetration  in  white  pine. 

.    ''';^ltr':'  ■    ^^tJi'  °'  I  '.<«•  yard,.   \  1.669  y»^ 


Grains. 
70 
85i 


Chrains. 
405 
480 


Inches. 
6 

7.8 


Inches, 


Lsr 


Angles  of  elevation. 


f^igfleld 

*«»ody.Martini 


Rifle. 


1,000  yards.  '  1,069  yarda. 


o    »     " 

2  59    4 
2  51  10 


o    I     m 

6  39  tf 
6    8» 


Jt^gfield 

'«<%MartiDi 


Velocities. 


Rifle. 


Weight  of 
powder. 


Chrains. 
70 
85i 


Weight  of    Velocities  in 
ball.  feetu 


Grains. 
405 
480 


1312.1 
129IL1 
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In  order  to  ascertain  the  effect  of  rifling  on  the  velocity",  a  Peabody 
Martini,  chaoibered  for  the  United  States  service  cartridge,  was  fired  in 
comparison  with  the  Springfield,  the  cartridges  being  taken  from  the 
same  package. 

The  table  shows  a  slight  advantage  in  favor  of  the  Springfield. 

Velodties, — ( To  oampare  effect  of  rijiifig.) 


Rifle. 


Weight  of 
powder. 


Weight  of    Veloctoia 
bftlL  ftfL 


Springfield 

Poabody -Martini 


ins. 

Graini, 

70 

405 

mi 

70 

405 

act 

It  should  be  stated  that  each  velocity  recorded  in  these  tables  is  t^l 
mean  of  several  taken  on  two  maehines — the  I^  Bonlonge  chronogra^l 
and  the  Benton  electro-ballistic. 

It  should  also  be  stated  that  with  the  Springfield  not  more  than/^*,, 
rounds  were  fired  at  1,669  yards  before  the  target,  8'  by  12',  wasl*^^* 
times,  while  with  the  Martini  at  least  60  rounds  were  tired  to  hit  ^^ 
target  the  same  number  of  times. 

Had  the  service  cartridges  used,  which  gave  but  1,312  feet  velocri^ 
been  up  to  the  standard  of  1350,  the  record  with  the  Springfield  w( 
probably  have  been  much  more  satisfactory 

As  it  is,  these  results  show  superior  a<5ciuraev  on  the  part  of 
Springfield,  accompanied  with  more  power  than  is  required  to  disabl 
man  at  ranges  at  which  it  is  practically  imi>ossible  for  a  marksmai 
hit  so  small  an  object.    At  ranges  of  1,000  yards  and  upward,  the 
jectory  of  the  Pe^ibody  is  slightly  fiatter  than  the  Springfield,  bal 
shorter  ranges* — those  at  which  a  rifle  will  ordinarily  be  fired  in 
ice — the  trajectory  of  the  Springfield  is  the  flatter  owing  to  it«  hi; 
velocity.    This  velocity  at  long  ranges  of  course  falls  off  more  rapi 
than  that  of  the  Martini,  due  to  the  lesser  weight  of  ball. 

In  order  to  determine  the  recoil  5  shots  were  fire<l  from  each  gun, 
recoil  being  measured  by  Captain  Prince's  dynamometer,  initial  r 
parison  50  lbs.,  and  the  mean  taken. 

Ki'coil. 


Rirte. 


Weight  of 
powder. 


Weight   of 
balL 


Ri-*:-*** 


'S^n-ingfield 

Peabodv-Martini 


Orains. 
70 
85i 


Chrain*. 
4U5 

4.S0 


Po 


Accuracy  at  1,000  yards. — (As  recorded  by  Crvedmoor  system,) 


No.  of  shot . 


Springfield  . . 
Pealx^y- Mar- 
tini   


1  2  '  3 

'  _  i 

3  !  3  5 

5  2  !  0 


3 
0 


5     6     7     8     0     10 


3 
0 


11 


5     3  I  4     2       3       3 
5  .  5  !  5     0       0       3 


12  I  13  I  14      15  :  16  I  17 


0       2       5       2       4 
0       3)3       34 


18     19     20    I    / 


5       5  I    3      3    66   IW 

3       3       0      0    44   10^ 


*The  tippende<l  tr%)wtorie8,  plotU'il.by  Capt.  Wni.  Prince,  Ordnance  Department,  are  l»k«  fr« 
Ordnance)  Memoranda  No.  15. 


i 


11 

In   •' 


f 


I- 


%a     %ii 


V\ 


Affillii  O^Bir«t  af  cu«r  «f 


un. 


k: 


APPENDIX  P. 

EXPERIMENTS  WITH  SMALL-ARMS. 
Capt.  John  E.  Grkbb,  Ordnance  Deparfctnent. 

SPACE  BETWEEN  BULLET  AND  POWDER   OHARaE. 

In  accordance  with  instructions  to  test  the  liability  of  a  ritle-barrel 

rapture,  owing  to  the  bullet  not  being  entirely  down  to  the  powder 

arge,  I  have  the  honor  to  submit  the  following  report : 

In  order  to  insert  the  bullets  from  the  muzzle  it  was  necessary  to 

ghtly  reduce  them  in  diameter. 

The  shells  were  loaded  with  the  usual  charge  of  70  grains  of  powder, 

lich  was  prevented  from  escaping  from  them  by  pasteboard  wads, 

I  open  space  of  about  half  an  inch  still  remaining. 

Two  shots  were  fired  with  the  bullets  just  reaching  the  fix)nt  of  the 

elLs,  or  30  inches  from  the  muzzle,  and  two  at  25,  20,  and  15  inches, 

spectivelj'. 

After  each  round   the  barrel  was  carefully  examined;  no  signs  of 

^^lliug  or  yielding  in  any  manner  were  visible. 

The  pressures  as  indicated  by  the  pressure-plug  are  given  in  the  follow- 

g  table : 


Distance  from  nnzzle. 


P«8ure  per  square  Inch  < 

Menu 


30  Inches. 

25  inches. 

Pounds. 
9,000 
0,500 

20  inches. 

Pounds. 
17,750 
16,250 

Pounds. 
5,500 
5,250 

17,000 

7,750 

5,375 

15  inches. 


Pounds. 
4,100 
4,000 


4,050 


The  pressures  obtained  with  the  bullet  crimped  in  the  shell  in  the 

^lar  manner  were  about  27,000  pounds. 

It  would  seem,  therefore,  from  these  results,  that  instead  of  an  air-space 

itween  powder  and  bullet  being  a  source  of  danger  to  the  barrel  the 

>re  is  relieved  from  strain,  owing  to  the  larger  space  in  which  the  pow- 

ir  gas  is  permitted  to  expand. 

Velocities  were  next  taken  with  the  bullet  crimped  in  the  shell,  just 

>wTi  to  the  shell,  and  5  inches  in  advance  of  the  last  position,  or  25 

ches  from  the  muzzle,  with  the  following  results : 

Velocities, 


Number  of  shot. 

Bullet   crimped 
in  shell  as  in 
service      car- 
tridge. 

1300.6 
1368.1 
1382. 8 
1371.0 
1371.0 

• 
Bullet  30  inches 
from  muzzle, 
or  just  down 
to  shell. 

Bullet  23  inches 
from  muzzle. 

1321.5 
1311. 2 
1332.8 
1346.5 
1307.8 

1170.1 

• 

1010. 4 

1027.1 

1031.0 

* 

1031.  a 

Mean 

1376.7 

1323.9 

1053.9 
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Ill  order  to  ascertain  the  eflfect  on  accuracy  of  tire,  of  allowing  a  slight 
air-space  between  the  powder  and  ball,  two  targets  of  ten  shote  each 
were  made  at  300  and  also  at  500  yai-ds  with  the  bullets  just  down  to  the 
shells,  or  30  inches  from  the  muzzle.  These  bullets  were  inserted  from 
the  rear,  and  were  not  reduced  in  size.    The  follo^ving  is  the  record: 


Accnracy. 
300  YARDS. 

¥int  target. 

Center  of   [ 
impact.      1 

Second  target. 

C«ot€rof 
fanptrl 

I 
B.         R. 
2".l       7".8  1 

1 

B.   1  I 

1 

Mean  vertical  deviation  ....... 

Inches, 
.1. 9            Mean  vertical  deviation  - . 

Indtt 

Mean  horizontal  deviation .... 

5. 8         :  Mean  horizontal  deviation 

U 

Mf4w  absolute  dttviation 

i            ft.  0               Mnan  AlumliitA  dAviAtion                 

U 

1                                                          • 

500  YARDS. 

First  Urget 

Center  of 
I     impact.      ' 

Second  target. 

Centtrif 
inpAd 

1                       1 

I'M    ;  3".2 

1            1 

R      R 

1 

Mean  vertical  deviation 

InehsM. 
7. 3          Mean  vertical  deviation 

*  W*^iwa» 

8.4 

Mean  horizontal  deviation 

11. 2          Mean  horizontal  deviation 

(<.€ 

Mean  absolute  deviation 

12.  5          Mean  ahftoliit«  dc^vlAtion . .   . 

•     12.0 

1 

The  accuracy,  it  will  be  seen,  is  fairly  satisfactory,  though  not  quite 
so  good  as  that  ordinarily  obtained  with  the  regular  cartridges-  The 
eflfect,  then,  of  placing  the  bullet  just  down  to  the  shell  is  to  reduce  the 
pressure  from  about  27,000  iK)unds  to  17,000,  and  the  velocity  fix)m  1,376.7 
feet  to  1,323.9  without  materially  diminishing  the  accuracy.  While  it 
would  be  impracticable  in  service  to  use  such  a  method  of  loading,  it  i^ 
thought  these  results  may  possible'  point  the  way  to  a  completed  car- 
tridge in  which  an  air-space  exists,  the  velocity  being  brought  to  the 
proi)er  standard  by  varying  the  charge  of  powder,  antl  which  will  cause 
much  less  strain  on  the  barrel  than  the  service  cartridge.  This  could  be 
readily  determined  by  taking  any  gun  chambered  for  a  long-range  car 
tridge  and  using  lighter  charges  than  that  necessary  to  fill  the  shells. 

In  other  words,  the  air-space  should  be  in  the  shell  and  the  bullet 
should  be  crimped  in  the  usual  way.  The  chief  expense  necessary  tc 
such  a  trial  would  be  in  chambering  a  gun  and  the  pressure-plug  bloct 
for  the  longer  shells.. 


EFFECT  OF  CONTINUED  RAPID  FIRING  ON  THE  RIFLE. 

While  firing  a  large  number  of  cartridges  recently,  testing  firing-pins, 
the  opportunity  was  presented  of  complying  with  instructions  to  Bscet- 
tain  the  eflfect  of  continued  rapid  firing  on  the  piece,  so  far  as  its  capability 
of  being  handled  was  concerned. 
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Mr.  A.  Cranston,  of  this  armory,  was  selected,  as  having  greiit  experi- 
tiee  with  this  gun,  to  fire  it  the  requisite  number  of  times. 

Two  hundred  it>ni>ds  were  flred  by  him  in  12  minutes,  or  at  the  rate  of 
tbout  17  per  minute. 

This  was  accomplished  without  once  removing  the  left  hand,  which 
leld  the  pie(*.e,  from  the  stock  or  changing  it*s  position.  The  barrel  be- 
came heated  sufficiently  to  bum  the  hand  after  20  or  30  rounds,  but  there 
iS  110  need  to  touch  it  in  firing. 

So  far  as  the  heat  of  the  stock  was  concerned  the  piece  could  easily 
have  been  tired  many  more  rounds,  but  the  operator  became  fatigued 
holding  the  arm  oft-hand  and  firing  the  time  stated. 

Tbe  piece,  after  being  thoroughly  cooled,  waa  placed  in  the  rest  in  the 
proving  room.  Two  hundred  and  forty  cartridges  were  then  fired  in  10 
minutes,  or  at  a  rate  of  24  per  minute.  The  front  of  the  stock  appeared 
to  be  burning,  and  it  was  thought  best  to  discontinue  the  firing.  On 
examuiation,  however,  it  was  found  that  it  was  rubber  burning  on  the 
barrel,  the  rubber  having  been  melted  from  that  which  surrounds  the 
muzzle  in  the  rest.  The  piece  was  handled  freely,  and  it  could  have 
been  fired  at  least  1(K)  rounds  more  by  being  careful  to  keep  the  fingera 
fiom  the  barrel. 

After  25  rounds  fired  rapidly,  with  aim,  the  barrel  would  burn  the 
hands  if  held  tightly. 


RIFLE   SIGHTS   AND  POWDER. 

In  accordance  with  instructions,  I  have  the  honor  to  submit  the  fol- 
lowing report  on  the  various  siglits  proposed  for  the  Springfield  rifle,, 
md  also  on  the  powder  employed  in  the  preparation  of  cartridges  used 
n  connection  therewith. 

Three  sights  were  furnished  me  for  trial  and  comparison,  viz :  the 
lervice  model  1878,  the  "  biu^khorn,"  recently  adopted,  and  one  proposed 
o  be  placed  on  the  tang  by  Lieut.  Col.  J.  C.  Kelton,  Adjutiint-Geneml's 
>epartment. 

Targets  were  made  by  Mr.  li.  T.  Hare  at  distances  of  300  and  500 
ards,  with  ser\ice  caitridges  manufactured  at  Frankford  Arsenal,  July, 
878 — which  have  given  better  accuracy  than  any  others  received  from 
here  in  a  long  i)eriod,  and  cartridges  prepared  at  this  armory  with 
lazard's  F.  G.  or  Kentucky  rifle  ]>owder. 

The  following  table  shows  that  the  buckhoni  sight  gav^e  better  results 
t  both  ranges  and  with  both  kinds  of  caitridges  than  the  other  two ;. 
Jso,  that  the  best  accuracy  was  obtaine<l  with  this  sight  when  use<l  ia 
onnection  with  the  F.  G.  carl  ridges. 

300  YARDS. 


Sights. 


auK  . . . . : 
•nckhom 
tegnUr  . . 


•ng 

tackhom 
If^iilar  . . 


Cartridges. 


Julv,  1878. 

do    .. 

do    .. 


F.G  ... 

....  do 

do 


Centi;r  of  impact. 


!    A. 


3.3 
19.7 


2.6 
17.9 


B. 


7.2 


11.3 


R. 


4.6 
.2 


Deviations. 


L.      M.V 


5.24 

2.9 

5. 9  4. 1 
1 

2. 1  3. 1 
1. 7  8. 12 

3.2  4.72 


^H.  M.A. 


2.88 
3.76 
3.88 

2.32 
1.84 
2.6 


5.9^ 
4.76 
5.65 

3.8T 

3.62 

5.39. 
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500  YARDS. 


SighU. 


Tunc 

Buckhom 
Regular  . . 


TwiK 

Regular  .. 


Center  of  impact. 


Cartridges. 


B. 


July  cartridges 4. 7 

do ae 

do ! a09 


F.  G.  cartridgea , 1.3 

do '  10.7    

do 29.5    


R. 


34.4 
26.7 
27. 

22,0 
16.9 
16w7 


BevUtMNM. 

> 


M.V.lLEM.iL 


9.24 
7.52 
8.3 

4.76 
5.96 
4.1 


8.E  112 

3(4  Si44 

4.8  9l» 

6.9  iU 
3.9  7.U 
7.9  11 


111  ortler  to  ascertain  whether  the  eoinbiuation  of  buckhoin  sigbt  aud 
F.  G.  cartridges  would  maintain  its  superiority  in  tlie  hands  of  different 
marksmen,  the  members  of  the  Armory  Club,  six  in  number,  were  required 
to  lire  the  buckhom  and  tang  sights  with  both  kinds  of  caitridges  at 
200  and  500  yanls. 

The  score  was  kept  according  to  the  Creedmoor  system. 

It  will  be  seen  by  inspection  of  the  table  that  both  sights  gave  better 
results  with  the  F.  G.  than  with  the  serWce  cartridges:  also,  that  the 
buckhorn  gave  the  best  accuracy  in  all  cases  except  the  la^t.  This  fall 
ing  off  was  due,  it  is  thought,  to  a  shifting  of  the  slide  along  the  leaf 
by  the  recoil,  owing  to  the  weakness  of  the  springs. 

Ihis  defect  has  been  corrected  by  knurling  the  edges  of  the  sight-ba*' 

200  YARDS. 


SishtH. 


Cartridges. 


Tang Frankford,  July,  1878 

Buckhom do 


Maximum. 


210 
210 


Tans F.  G.  prepared . 

£uckhom do 


210 
210 


PenntiUp  ti 
luaximajn. 


80.95 
82.fi6 

83.3 
83.8 


500  YARDS. 


Tang    Frankfortl,  July,  1878 

Buckhom i do 


Tang F.  G.  preparwl 

Buckhom do 


170 
200 

210 
210 


72.94 
83. 

83.3 
80.% 


It  has  been  found  after  many  trials  that  an  extremely  high  velocity  is 
not  consistent  with  the  best  accuracy  with  the  Spnngfteld  ritie.  The 
standard  is  1,350,  though  of  course  there  are  frequent  variations  alwve 
and  below.  The  velocity  given  by  the  July  cartridges  was  found  to  be 
but  1,312  feet,  and  the  excellent  targets  nuule  with  them  go  far  to  show 
that  a  standard  of  perhaps  1,325  feet  would  be  the  most  suitable  for 
service. 

The  Kentucky  rifle-powder  gives  1,340  feet.  This  powder  is  of  more 
uniform  grain  than  the  service  and  costs  about  3  cents  more  per  poiiud. 


APPENDIX  Q. 

ACTION  OF  SEA-WATER  ON  BRASS  CARTRIDGES. 
Capt.  John  E.  Gbkrb,  Ordnauce  Department. 

BIAMINATION  OF  BRASS  CARTRIDGE  SHELLS  TAKEN  FROM  THE 

WRECKED  STEAMSHIP  JOHN  BHAMALL. 

These  shells  were  under  water  about  ten  days,  and  after  their  recovery 
remained  on  the  wharf  about  fifteen  days  before  inspection. 

About  200  cases,  containing  nearly  275,000  unloaded  shells,  wereoi)ened 
ami  samples  taken  from  each.  Both  exterior  and  interior  of  the  shells 
were  coated  with  verdigris,  or,  more  strictly,  the  oxychloride  of  copper, 
the  whole  being  in  a  wet  and  dirty  condition. 

Of  23  shells  brought  to  this  armory  only  three  had  the  fulminate  un- 
injured, or  so  slightly  as  not  to  prevent  explosion.  In  the  others  the 
Culminate  of  mercury  had  been  reduce<l,  and  the  free  mercury  liad  amal- 
^mated  the  anvil,  head,  and  primer  of  the  shell,  rendering  all  these 
>arts  extremely  brittle,  and  so  much  deteriorated  as  to  well  deserve  the 
enu  rotten. 

Ten  of  these  shells  1  reprimed  and  loaded  with  Si}  grains  Hazard  mus- 
^et-i>owder,  and  fired  theip  in  a  Peabody-MHrtini.  Five  of  them  split 
brough  the  hciul,  two  of  them  in  eight  or  ten  places.  In  order  to  drive 
ft' the  damaged  primers — no  tool  for  the  pur]>ose  being  at  hand — I  filled 
be  shells  with  water.  1  then  inserted  a  bullet  in  the  mouth  of  each, 
nd  tapped  on  it  with  a  hammer,  forcing  off  the  primer  by  hydraulic 
'ivssure.  Three  or  four  burst  in  the  head,  though  scarcely  any  pressure 
'"as  required — not  enough  indeed  to  swell  out  the  shell  or  change  its 
>rm  in  any  particular.  The  remaining  shells  1  cleaned  and  laid  a^ide 
3  see  what  further  effect  time  Avould  have  upon  them.  The  metal  of 
iese  shells  appeared  extremely  bnttle  at  the  head.  When  crushed  in 
vise  the  heads  cracked  in  many  places,  while  new  shells  of  the  same 
>t  would  fold  tightly  over  withuut  i-upture.  The  action  of  the  salt  water 
ad  also  been  to  eat  away  the  metal  aroun4l  the  primers,  causing  a  lib- 
ra! escajje  of  gas  at  every  round.  I  have  since  witnessed  a  trial  of  shells 
iken  from  the  same  lot  at  the  Winchester  Ke]>eating  Arms  Company's 
Torks.  Five  imcknges  of  ^xi*  shells  each  were  taken,  the  old  primers 
*nioved,  i-eprimed,  and  loaded  with  the  proof  charge  required  by  the 
tirkish  inspectors.  This  charge  is  the  regular  one  of  85  grains,  but  is 
f  No.  4  iK)wder  (American),  or  of  the  grade  ordinarily  known  as  rifle- 
owder.  The  con<litions  of  insiwction,  S4»  i'ar  as  relates  to  the  piT)of,  are 
liat  from  each  lot  of  r)0,(K)0  shells  2(K>  shall  be  fired  with  the  charge 
ientione<l.  Should  two  shells  fail,  or  1  i>er  cent.,  2(H)  more  are  taken, 
nd  if  one  fails,  or  one-half  of  1  i>er  cent.,  the  whole  lot  is  rejected.  As 
liese  shells  ha<l  l>een  accepted,  the  inference  is  that,  before  their  ini- 
lersiou  in  the  salt  water,  they  were  strong  enough  to  sustain  the  proof. 
►f  tlie  25  shells  taken,  one  was  found  cracked,  and  one  was  retained 
y  Mr.  Bennett,  secTetarj'  of  the  trompany,  for  examination  under  a 
licroscope.  Of  the  23  fired,  9  burst,  4  dangerously;  that  is,  with  an 
scape  of  gas  that  would  have  seriously  injured  the  eyes  and  hands  of 
he  firer.     With  the  hope  of  removing  the  mercury,  it  was  proposed  to 
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heat  the  heads'of  the  shells  aiul  volatilize  it,  if  possible.     Bloxarn,  in  hk 
texi-book  on  metals,  gives  the  boiling  point  of  mercury,  at  which  it  freely 
distils,  at  602^,  though  it  is  sensibly  volatile  at  temperatures  above  68^ 
or  7(P.     He  also  gives  the  boiling  point  of  zinc  at  which  volatization 
freely  takes  pla^*.e,  at  a  bright  red  heat,  estimated  at  IIKM^.    With  this 
range  of  temperature  between  the  volatility  of  the  two  metals  it  would 
seem  possible  to  drive  off  the  mercury.     Fownes,  in  his  chemistry,  con- 
Arms  the  statements  given  above,  but  he  also  adds,  page  319,  what  is  ex- 
tremely pertinent  to  the  case  in  point,  '*  that  the  volatility  of  mercury  at 
the  boiling  point  is  singularly  retarded  by  even  minute  quantities  of  lead 
or  zinc."    Here  the  zinc  is  thoroughly  amalgamated,  and  to  drive  off  the 
mercury  in  the  open  air  a  heat  is  required  which  approximates  the  heat 
required  to  volatilize  the  zinc  itself,  the  latter  fusing  at  77(P,  but  Uttle 
beyond  the  boiling  point  of  mercury  when  no  zinc  is  present.     This  heat 
also  anneals  the  shell,  rendenng  the  anvil  so  soft  as  to  be  ine{^»able  of 
supporting  the  primer  against  the  blow  of  the  firing  pin,  with  consequ^t 
miss-fire.    In  addition,  the  metal  would  probably  set  out  more  like  cop- 
per, making  it  difficult  to  extract  the  shell  except  with  such  guius  as  tibe 
Springfield,  having  a  lever  iwwer  to  operate  the  c»xtractor,  or  bolt  guns, 
having  a  cam  to  start  the  bolt  during  its  unlocking.    The  latter  point 
however,  was  not  determined,  owing  to  the  limited  number  of  shells  at 
my  command.     Having  been  rendered  soft  by  the  annealing,  these  shelb 
would  also  be  unable  to  resist  disfiguring  by  the  rough  usage  they  receive 
in  service. 

Had  these  shells  been  of  copper,  or  nearly  so,  like  the  United  State* 
service,  which,  it  is  understood,  contain  but  5  per  cent,  of  zinc,  the  amal- 
gamation, it  is  thought,  would  hardly  have  taken  place.  It  is  true  that 
all  metals  ortlinarily  used  in  commerce  can  be  amalgamated,  with  the 
exception  of  iron  and  platinum.  Copper  and  some  other  metals,  how- 
ever, offer  such  resistance,  that  the  amalgamation  is,  to  a  large  extent* 
surface  only.  Under  these  circumstances  it  would  seem  that  the  de- 
partment has  acted  wisely  in  selecting  copi>er  as  the  standard  cartridge 
metal,  especially  when  it  is  well  known  that  loaded  bra^ss  shells  rapidly 
deteriorate  from  the  action  of  the  powder.  In  fiict,  it  was  the  knowledge 
of  this  deterioration  that  induced  the  Turkish  Government  to  pun^hase 
unloaded  shells  and  balls  with  the  view  of  putting  them  in  store. 

With  regard  to  patched  amnuinition^  it  again  wouhl  seem  that  the 
action  of  the  department  has  been  wise  m  reje(*ting  its  use. 

During  the  investigation  of  these  shells  Mr.  Hobbs,  of  the  Union  Me- 
tallic Cartridge  Company,  exhibited  some  loaded  cartridges  taken  from 
the  wreck  of  the  steamship  Guatemala  a  few  years  since.  These  had 
patched  bullets.  The  patch,  by  capillary  attraction,  transferred  the 
moisture  from  without  to  the  powder  within ;  aiul  though  the  cartiidges 
were  several  times  carefully  cleaned  on  the  outside,  corrosion  continued 
to  take  place  from  within.  Never  being  entirely  freed  from  moisture, 
the'  action  between  the  shell  and  ball  continued,  Ciiusing  the  latter  to 
oxidize  and  exfoliate  in  a  manner  which  would  have  seriously  leaded  the 
rifling,  with  consequent  falling  off  in  accuracy  of  tire.  In  the  mattw  of 
accuracy,  the  service  bidlets,  when  properly  lubricated,  give  better  resalls 
than  the  patcheil.  The  advantage  claimed  for  the  patch  is  absence  of 
leading  of  grooves ;  but  with  the  8er\ice  bullet,  with  suitable  lubricast^ 
no  leading  of  any  moment  is  found  to  occur. 

The  patch  is  liable  to  become  roughed  up  and  mutilated,  giving  had 
results ;  and  even  when  in  perfect  condition,  stripping  is  of  frequent 
occurrence. 
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lis  was  noticed  in  recent  trials  with  the  Springiield  and  Peabody- 
tini  rifles,  when  the  accuKicy  of  the  Springfield  was  better  at  all 
:e8  than  the  Martini  with  its  patched  ammunition.  At  ranges  of 
ly  1,700  yards  the  Martini  balls  sometimes  fell  two  or  three  hundred 
8  short  of  the  target,  striking  the  water,  and  at  others  passed  way 
>nd  it.  It  is  thought  these  results  were  due  to  irregular  action  of 
patches. 


APPENDIX  R. 

REPORT  ON  MANITFACTITRE  OF  LIFE-SAVING  GUNS. 
Lieut  C.  W.  WiiirriJC,  Orduaiic*'  Depart  nieut. 

(Seven  plates.) 

West  Point  Foundery, 
Cold  Spring,  y.  T.,  March  10,  1879. 

On  the  12tli  of  hivst  September  a  contract  was  awarded  the  West  Point 
Foundery  for  the  construction  of  two  hundred  2.5inch  bronze  guns,  d^ 
signed  by  Lieut.  D.  A.  Lyle,  Ordnance  Department,  for  the  United 
States  Life-Saving  Service,  and  a  period  of  four  months  was  allowed 
for  its  completion.  As  the  resident  inspector  at  this  foundery,  I  was  first 
directed  to  8uper\ise  the  constiiiction  of  these  guns,  and  linally  to  in- 
spect them  ;  and  I  have  tlie  lionor  to  submit  the  following  description 
of  the  various  incidental  ojierations  : 

The  West  Point  Foundery  had  had  no  experience  in  the  manufacture 
of  bronze  guns,  except  that  derived  from  casting  a  few,  at  long  inter- 
vals, for  yachts.  The  contract  prescribed  •  •  "  that  tlie  guns  shall 
be  made  of  bronze,  the  composition  to  consist  of  90  per  cent,  of  LsAe 
Superior  ingot  copi)er  and  10  per  cent,  of  Banca  ingot  tin.  It  is  further 
stipulated  that  no  scrap  metal,  such  as  zinc,  old  copi>er,  or  old  bronie 
sliall  be  used  in  the  fabrication.  It  is  stipulateil  that  the  guns  shall  be 
cast  in  iron  chills  ;  diameter  of  chills  at  breech  6.^^  inches ;  diameter  of 
chills  at  muzzle  5^  inches  ;  sinking-head  at  feast  18  inches  high.  One 
bronze  specimen  for  testing,  as  per  dmwing  attached,  to  be  furnished 
for  each  gun.  The  tensile  strength  and  other  physical  properties  shall 
be  subject  to  the  approval  of  the  inspecting  officer.  Diameter  of  fin- 
ished bore  to  be  two  and  five-tenths  (2.5)  to  two  and  five  hundred  and 
five  thousandths  (2.505)  inches."    •    •    • 

Plate  I  is  a  copy  of  the  drawing  which  accompanied  the  contract 

The  South  Boston  Foundery  had,  not  long  before,  made  a  few  guns  for 
the  same  purpose.  Lieutenant  Lyle's  report  on  the  subject  had  not  yet 
been  published,  but  it  was  understood  here  that  one  difficulty  encoun- 
tered was  the  presence  of  minute  filiform  cracks,  which  covered  the 
surface  of  the  castmg  and  necessitated  the  excess  of  metal  (0.5-incb) 
required  by  the  contract.  In  fact,  this  was  supposed  to  be  the  only, 
though  a  very  serious,  obstticle  to  be  overcome.  Any  means  which 
W'ould  prevent  the  formation  of  these  cracks  would  prevent  the  necessity 
of  the  extra  metal,  and  save  considerable  time  in  finishing.  It  was 
thought  this  might  be  secured  by  casting  the  guns  under  pressure ;  and 
with  this  object  in  view,  more  than  any  expectation  of  improving  the 
physical  qualities  of  the  alloy,  a  special  mold  (Plate  III)  was  made,  to 
be  presently  described.  As  a  precaution,  however,  another  mold  was 
made  similar  in  size  and  shape  to  that  use<l  at  the  South  Boston  Found- 
ery, except  that  was  designed  with  the  intention  of  casting  with  the 
breech  down,  in  order  to  save  labor  in  finishing.  The  details  of  this 
mold  as  first  nuide  are  shown  in  Fig.  1,  Plate  II,  and  the  description  of 
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iti8  coiistructiou  is  so  similar  tx)  that  giv^en  by  Lieiiteiiaiit  Lylo  (page  219, 
K«port>of  Chief  of  Ordnanee,  1878)  that  it  will  not  be  necessary  to  re- 
I>ciit  it.    The  thickness  of  the  chill,  however,  was  2.5  inches  instead  of 
1-75  inches,  and  there  was  no  sand-head.* 

Chill-mold  No.  3  (Plate  III)  was  similar  in  its  general  featnres  to  No. 
1  (Plate  IT).  It  was,  however,  0.5  inch  smaller  in  interior  diameter, 
^iid  was  arranged  for  a  length  of  sinking-head  of  II  inches  instead  of 
XjS  inches.  The  mouth  of  the  mold  was  closed  by  a  cast-iron  plate  2.5 
inch  thick,  bolted  to  the  npper  horizontal  tlange  of  the  chill.  A  hole 
was  bored  througli  the  axis  of  this  ])late  to  allow  the  admission  of  the 
rnetal  and  of  a  small  steel  plunger  5  inches  long  by  4  inches  diameter. 
Two  iron  uprights,  secured  at  bottom  to  the  iron  bed-plate,  supported 
^bove  the  mold  a  30-ton  hydraulic  jack. 

Mold  No.  I,  completed  first,  was  tirst  used,  and  three  guns  were  cast 
of  inferior  metal,  simply  for  the  purpose  of  educating  the  molders. 

Six  guns  were  then  ca  >t,  using  the  prescribed  metals.    The  details  of 
the  operations  as  conduced  ditt'er  from  those  described  by  Lieutenant 
Lyle  principally  in  the  fact  that  the  tin  was  melted  in  a  separate  cruci- 
ble, and  that  its  mixture  w  ith  the  copper,  which  was  poured  on  top  of 
t,  took  place  in  the  pouring-ladles. 

To  summarize  these  details : 

1.  Heating  tJie  ehillmoUl. — No  convenient  furnace  being  on  hand,  this 
was  accomplished  by  building  a  wood  fire  about  the  chill,  which  was  in* 
closed  in  an  iron  cage.  A  special  furnace  was  ultimately  built  for  the 
purpose. 

2.  The  furnaces, — Three  pots  were  used  for  the  copi>er,  each  contain- 
ing one  cnicible.  The  tin  was  melted  in  two  crucibles,  introduced  into» 
the  same  pot. 

3.  Charging  the  crucibles. — The  metals  were  placed  in  the  crucibles^ 
and  after  being  weighed  the  tin  was  removed. 

4.  Melting, — The  fires  were  lighted  before  the  crucibles  were  intro- 
duced. When  the  copper  was  fairly  melted,  the  cnicibles  containing  the 
tin  were  placed  in  the  pot.  When  melted,  the  tin  was  poured  into  twe 
heated  x)ouring-ladle8,  to  each  of  which  was  added  the  charge  of  copper 
contained  in  one  crucible,  the  mass  being  stirred  with  an  iron  rod.  The 
charge  of  the  third  crucible  (the  hottest  being  retained  for  the  puri>08e). 
was  finally  divided  between  the  two  ladles. 

5.  Casting, — The  ladles  were  then  poured  in  succession  into  the  nin- 
ner-box  as  rapidly  as  possible,  the  surface  of  the  running  metal  being 
skimmed  with  a  wooden  scraper.t 

6.  Cooling, — With  gun  No.  1  the  mold  was  placed,  during  casting,  in 
a  barrel,  which  was  filled  with  running  water,  in  the  hope  of  preventing 
the  expansion  of  the  chill.  As  a  consequence  the  chill  cracked.  With 
guns  Nos.  2  and  3  water  was  poured  freely  on  the  chill  after  casting. 
With  Nos.  4  and  5  less  water  was  used,  and  with  No.  0  and  follow  ing, 
none  was  used  at  all. 

The  results  obtained  with  these  six  guns  are  contained  in  the  annexed 
table.  The  specimens  were  taken  from  the  lower  part  of  the  sinking- 
head,  and  the  dimensions,  shown  in  Fig.  1,  Plate  V,  were  the  same  as  of 

•  These  preparations  for  eaHtini^  were  romnienced  by  the  West  Point  Foundery  upon 
notiHeatiou  that  the  contract  had  been  awarded  them,  and  were  completed  bet<»re  the 
receipt  of  the  articles  of  agreement. 

t  8ut»8eqneutly  the  ponring-la^lle  was  made  self-skimming. 
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those  taken  fh)m  the  guns  made  at  the  South  Boston  Foundery  and  tested 
by  Mr.  0.  B.  Richards. 
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The  appearance  of  tlie  fracture  of  each  specimen  indicated  loose, 
coarse  texture,  and  imperfect  mixture  of  the  metals.  All  of  these  gun.s 
were  at  once  condemned. 

Gun  No.  7  was  then  cast  under  pressure  as  follows :  Wliile  the  metal 
was  in  the  crucibles  the  chill  and  the  plunger  were  raised  to  a  dull  heat 
As  soon  as  the  metal  was  ready  to  pour,  the  mold  was  lowered  into  its 
pit  and  adjusted  on  the  bed-plate  so  as  to  be  directly  under  the  press. 
When  the  metal  reached  the  level  of  the  hole  in  the  upper  plate  the 
runner-box  was  removed,  and  the  plunger,  picked  up  by  tongs,  qoickly 
fitted  to  the  hole.  Two  men  then  ])umpeil  the  jack  down  as  far  as  the 
quickly  hardening  metal  would  permit.  Eight  guns  were  ultimately 
cast  under  pressure  with  results  as  shown  in  following  table. 
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Guns  8,  9,  and  10  had  in  the  mean  time  been  cast  without  pressure. 
Up  to  No.  10  every  gun,  except  No.  7,  had  been  condemned  either  as 
imperfect  Ciistings,  or  for  low  tenacity,  low  density,  or  poor  mixture  of 
the  metals.    Fortunately,  Mr.  IJavis,  superintendent  of  the  ordnance 

III.,,  —  -  ^-^.^ 

*  "Heads"  is  used  to  designate  metal  taken  from  the  body  of  condemned  castini:^ 
and  from  the  main  part  of  sinking-heads;  "chips,"  that  metal  which  works  its  wav 
juto  the  joints  of  the  mold  during  casting,  and  the  very  upper  part  of  sinking-heacU. 
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)S  at  the  Washington  navy-yard,  who  had  had  much  experience  in 
manufiaictare  of  bronze  gnus,  was  present  at  this  time,  and  sugges- 
3  were  asked  from  him  in  regard  to  improving  the  character  of  the 
ings.    These  suggestions  were  as  follows: 

The  guns  should  be  cast  breech  up,  for  the  purpose  of  increasing 
diameter  and  consequent  weight  of  the  sinking-head. 

The  tin  should  be  melted  by  simply  adding  it  at  the  proper  time  to 
copper  in  the  crucibles;  not  melted  separately. 

No  pouring-ladle  should  be  used,  but  the  crucibles  emptied  simul- 
K)usly  into  the  mold,  pouring  rapidly  until  the  mold  was  filled  to  the 
inions,  and  afterwards  more  slowly. 

e  haa  never  seen  pressure  applied  to  a  casting  and  ventured  no 
lion  on  it.  He  disapproved  of  heating  the  chill  beyoud  merely  warm- 
it,  or  cooling  it  by  water  after  casting,  and  ultimately  recommended 
easing  the  length  of  the  sinking-head  by  the  addition  of  a  sand-head, 
diameter  of  which  should  be  greater  than  the  diameter  of  the  rest 
le  sinking-head. 

is  suggestion  as  to  reversing  the  position  of  the  mold  so  as  to  cast 
i  the  breech  up  was  never  attemx>ted,  but  in  casting  No.  12  his  rec- 
lendations  were  carried  out  to  the  extent  of  adding  the  tin  to  the 
>er  in  the  crucibles,  but  the  contents  were  mixed  in  the  pouring-ladle, 
ittempt  to  apply  pi'essure  to  this  gun  was  unsuccessful,  as  the  plunger 
med  from  being  improperly  centered. 

OS.  13, 14, 15,  and  16  were  cast  under  pressure  and  according  to  his 
^estions,  except  that  the  mold  was  in  each  case  hotter  than  desired, 
o.  17  was  cast  in  mold  No.  2,  which  had  been  increased  12  inches  in 
:th  by  the  addition  of  a  sand-head  (Plate  IV).  This  mold  also  dif- 
d  from  No.  1  in  that  the  interior  diameter  at  chase  was  5  inches  in- 
d  of  5.5  inches. 

o.  18  was  the  last  gun  cast  under  pressure,  the  operation  and  results 
[g  too  irregular  to  warrant  further  experiment, 
o.  19  was  cast  in  the  same  mold  as  No.  17,  and  in  this  and  all  subse- 
at  castings  an  attempt  was  made  to  follow  uniformly  the  operations 
inducted  in  gun  No.  17.  Two  molds  were  used,  alternating  with 
I  other.    (ChDl  No.  2,  Plate  IV.) 

rom  the  fact  that  the  upper  pai*ts  of  sinking-heads  and  the  ^^ chips" 
5h  were  formed  by  the  joints  of  the  mold  were  known  to  contain  a 
;ter  percentage  of  tin  than  the  body  of  a  casting,  all  parts  of  a  sink- 
bead,  after  being  cut  from  a  casting,  and  all  condemned  guns*  were 
:en  into  small  pieces  and  arranged  into  ^^  classes,''  according  to  their 
ective  distances  from  the  surface  of  the  sinking-head.  It  was  as- 
ed  that  the  upper  parts  of  sinking-head,  and  "chips,"  contained  13 

he  constitution  of  the  alloy  changes,  not  only  in  the  cooling  but  in  the  melting, 
e  continual  reduction  of  the  quantity  of  tin,  which  oxidates  much  faster  than  the 
iTy  though  the  latter  be  present  in  so  much  greater  mass.  Dnssausoy  found  that 
netal,  having  the  proportions  of  100  copper  and  11  tin  by  weight,  had  the  foUow- 
onsiitntions  after  each  of  six  consecutive  meltings,  indicating  tne  rapidity  with 
b  oxidation  of  the  tin  occurs : 

BIfiULTIXO  COX»TITL"nO»  OF  AMX)Y. 

us)  Copper.        Tin. 

100.3  10.7 

100.7  10.3 

101.8  9.2 

103.0  8.0 

104.0  7.0 

105.5         5.5     rufc  Mallet,  Const,  of  Art'y,  p.  87. 

18  OBD 
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per  cent,  of  tin,  and  the  remainder  the  same  as  the  body  of  the  gim— 10 
per  cent.,  less  amount  lost  by  oxidation,  &c. 

This  loss  fipom  oxidation  was  disregarded,  since  the  aUowaace  of  IS 
per  cent,  of  tin  to  the  upper  parts  of  sinking-head  was  probably  slightly 
in  excess  of  the  true  amount.* 

In  making  up  the  charges  of  ^^ bronze"  to  be  added  to  a  casting  a  oer- 
tain  percentage  was  taken  from  each  ^^  class." 

The  contract  specified  that  a  specimen  from  the  sinhing-head  of  eadi 
gun  should  be  subjected  to  mechanical  tests,  and-  the  dimensions  of  tbe 
specimens  were  prescribed  by  an  attached  drawing  (Fig.  1,  Pl^e  V).  It 
was  particularly  desirable  that  this  standard  as  regards  dim^isions 
should  have  been  maintained,  in  order  to  properly  compare  the  results 
with  those  obtained  in  the  very  careful  experiments  of  Mr.  C  B.  Bkk- 
ards,  at  the  Colt's  manufactory. 

In  testing  specimens  from  1  to  12  (excepting  No.  7)  the  fracture  took 
place  close  to  the  upper  shoulder,  and  the  surfsice  of  the  specimeB^ 
showed  no  indication  of  being  elsewhere  strained  at  alL 

To  ascertain  to  what  extent  the  portions  of  the  specimen  more  remote 
from  the  surface  of  the  sinking-head-  shared  the  weakness  exhibited  at 
the  shoulder,  two  specimens  were  taken  from  each  sinking-head  of  m- 
eral  castings,  one  turned  as  prescribed,  and  the  other  preserving  the 
total  length  of  specimen,  but  diminishing  the  distance  between  shoul- 
ders to  3  inches  by  extending  the  upper  shoulder  toward  the  center  of 
the  specimen.  (Plate  V,  Fig.  2.)  This  wouM  oblige  the  fracture  to 
occur  in  a  part  of  the  specimen  more  nearly  assimilating  to  the  chiuac- 
ter  of  the  metal  in  the  gun. 

The  difference  in  results  was  so  marked  that  it  seemed  unjust  to  re- 
quire the  foundery  to  abide  by  an  agreement  which,  perhaps,  unjustiy 
was  condemning  gun  after  gun.  This  idea  was  strengthened  %the 
following  expenmeut^: 

1.  The  sinking-head  having  been  sufficiently  increased  in  lengtii,  two 
specimens  were  taken  from  the  head  of  No.  22^  the  one  directly  abofe 
the  other,  and  while  the  upper  gave  a  tenacity  of  43,286,  the  lower  gave 
46,335. 

2.  Gun  No.  21  was  condemned  on  a  tenacity  obtained  from  the  sinking- 
head  of  34,555 ;  but  a  specimen  taken  afterward  from  the  breech  gave  a 
tenacity  of  43^86.  Another  fact  considered  was  that  the  specimens 
tested  by  Mr.  Kichards  were  taken  from  guns  cast  with  the  breech  up, 
whose  sinking-heads  were  consequently  of  greater  size  and  density  than 
those  here.  The  machine  in  use  here  for  testing  was  so  arranged  that 
the  first  strain  which  could  be  recorded  was  about  10,000  pounds  to  the 
square  inch.  Consequently,  no  delay  occurring  up  to  that  i>oint,  the 
specimen  was  quickly  subjected  to  this  strain,  and,  crude  appliances 
rendering  very  nice  work  impracticable,  was  probably  broken  in  less 
than  a  quarter  of  the  time  occupied  by  Mr.  Richards  in  attaining  the 
same  end.  This  alone  would  account  for  very  decided  differences  in 
tenai'ity  and  extension,  and  render  comparison  between  the  two  results 
unsatisfactory.  Consequently  I  recommended  to  Lieutenant  Lyie  that 
the  foundery  be  allowed  to  change  the  shape  of  the  specimens.  [Incon- 
venience was  then  found  in  consequence  of  the  extension,  which  was 
frequently  so  great  as  to  necessitate  the  lowering  of  the  oeam  dunng 
the  operation.] 

Guns  were  being  cast  at  the  rate  of  six  and  seven  a  day,  and  none 
could  be  touched  until  specimens  from  their  sinking-heads  had  been 

*  Fide  Mallet,  p.  ^4. 
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■birokea  and  the  density  determined.  One-half  of  the  time  allowed  by 
the  eontraet  had  been  expended,  and,  to  saTe  time,  x>^rmi8sion  was  con^ 
seqaently  gtTeo  to  rednce  the  total  length  of  specimens  to  4  inches,  pre* 
serviBg  3  inches  between  shoulders.  All  specimens  after  No.  46  were 
tamed  to  tiiese  dimensions. 

Gun  No.  17  and  all  following  (except  No.  18,  cast  under  pressure)  were 
cast  with  a  sand-head,  whose  interior  diameter  was  larger  than  that  of 
tiio  body  of  the  gnn,  for  the  purpose  of  securing  for  the  sinking-head  a 
amount  of  metal  which  might  remain  a  considerable  time  in  a  liquid 
While  the  sinking-head  was  inclosed,  together  with  the  rest  of 
the  casting,  in  the  chill^mold,  it  hardened  with  the  same  rapidity  as  the 
rest,  and  to  a  great  extent  failed  to  ];>erform  Hie  important  function  of 
supplying  to  the  body  of  the  gun  the  metal  required  to  replace  the 
shrinkage. 

An  attempt  was  made  to  secure  accuracy  in  the  weight  of  the  two  in- 
gredients of  the  alloy,  but  in  consequence  of  an  inability  to  personally 
saperintend  t^e  operation  and  the  haste  with  which  the  work  was  prose- 
cuted the  success  was  but  partial. 

Comparing  guns  Nos.  25  and  26,  both  were  apparently  treated  alike, 
and  the  molder,  aware  of  the  good  results  obtained  with  a  specimen  from 
INo,  25,  exx)ected  equally  good  from  No.  26.  Upon  investigation  it  was 
:foand  that  the  ^^  heads"  added  to  the  charge  for  No.  26  came  solely  from 
the  upper  parts  of  different  heads  in  which  the  percentage  of  tin  was 
considerably  greater  than  the  mixture  called  for. 

Poands.  Copper.        Tin. 

The  mixture  used  for  guu  No.  25  was...  161  copper  .....^ =161 

151  beads  (10  per  cent,  tin) =135. 9  15. 1 

5  chips  (13  per  cent,  tin)  =     4.3  0.7 

18  tin =     0.0  18.0 


Total  weight 335  301.2        33.8 


The  mixture  used  for  gun  No.  26  was  ...  158  copper =  152 

153  heads  (10  per  cent.  tin)=137. 7  15. 3 

4  chips  (13  per  cent.  tin)=    3. 48  0. 52 

17  tin =     0.00  17.00 


Total  weight 326  293.18      32.82 


=c 


But  under  the  supposition  that  the  '^  heads"  contained  13  per  cent,  tin 

the  proportions  became .' 152 

133.11  19.89 
3.48  0.52 
0.  17. 00 


Total 288.59      37.41 

making  the  mixture  ^contain  11^  per  cent.  tin.  The  appearance  of  the 
fracture  of  the  specimen  as  well  as  the  low  tenacity  had  suggested  at 
once  that  the  percentage  of  tin  was  too  great;  and  in  gun  No.  44  the 
same  x)6culiarities  led  to  an  investigation  which  ultimately  disclosed  the 
fact  that  a  double  charge  had  accidentally  been  added  to  the  copper,  in 
spite  of  the  presence  of  an  attendant  specially  emploj^ed  to  watch  every 
process  in  the  casting. 

Guns  Nos.  177  and  178  were  condemned  because  an  unknown  brand 
of  tin  had  been  used,  which  was  discovered  in  the  same  way  as  the  de- 
fects in  Nos.  26  and  44. 
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Althougli  Banca  tin*  was  prescribed  by  tbe  contract,  a  brand  of 
English  tin  ("  the  Lamb  and  Flag")  was  allowed  to  be  used  to  a  great  ex- 
tent, both  because  it  had  been  recommended  by  Mr.  Davis  as  the  ^ 
almost  exclusively  used  by  the  Navy  in  their  gun  constructions,  and 
because  at  times  Banca  tin  could  not  be  obtained  in  the  quantities  and 
at  the  time  required. 

In  Lieutenant  Lyle's  report  of  the  fabrication  of  his  experimental  guns 
at  South  Boston  he  speaks  (Report  Chief  of  Ordnance  for  1878,  p.  221) 
of  castings  condemned  on  account  of  defective  trunnions.  The  same 
difficulty  was  met  with  here,  and  was  similarly  remedied  by  cutting  away 
the  metal  in  the  chili  so  as  to  increase  the  size  of  the  trunnions  in  the 
casting.  Befoi^e  this,  however,  guns  Nos.  27,  31,  and  35  had  been  con- 
demned at  an  early  stage  of  fabrication  for  this  defect,  and  when  the 
first  lot  wei-e  oftered  for  final  inspection  many  more  of  the  guns  amoDg 
those  first  cast  suft'ered  a  like  fate.  To  save  these  guns,  which  were 
otherwise  satisfactory.  P.,  K.  &  Co.  asked  authority  to  "  bum  on  "  new 
trunnions,  a  process  which  consisted  simply  in  replacing  the  imperfect 
portions  of  the  truuuious  with  new  metal.  Before  granting  permissioii 
the  following  experiment  was  fried,  for  the  purpose  of  testing  the  in- 
timacy of  union  between  the  old  and  new  metals  which  the  process  conld 
guarantee :  A  cylinder  3  inches  long  and  l.o-inch  diameter,  cut  from  the 
sinking-head  of  one  of  the  guns,  had  new  metal  burned  on  to  it  until  its 
length  was  doubled.  The  cylinder  was  then  .turned  down  to  the  shape 
of  an  ordinary  specimen,  in  such  manner  as  to  leave  the  joint  between 
the  two  metals  at  a  distance  of  1  inch  fi'om  the  shoulder.  It  was  then 
broken  in  the  machine.  The  fracture  took  plac^  in  the  old  metal,  and  at 
a  distance  of  about  1  inch  from  the  point  of  imion.  The  si>ecimen  stood 
about  40,000  pounds  to  the  square  inch,  and  the  surface,  after  fractnre, 
presented  a  curious  apx>earance.  (Plate  V,  Fig.  4.)  The  old  or  original 
metal  showed  the  ordinary  blistered,  flattened  appearance  exhibit^  by 
good  bronze  under  such  circumstances,  but  the  surface  of  the  new  metal 
was  scarred  and  striated  in  the  direction  of  its  length,  and  resembled 
more  a  piece  of  tough  wrought  iron  after  strain. 

Permission  was  then  given  to  try  the  experiment  on  guns  Nos.  27, 31, 
and  35  (which  had  not  yet  received  their  powder  proof),  which  was  con- 
ducted as  follows : 

The  imperfect  portion  of  one  trunnion  was  turned  off  in  a  lathe  so  as 
to  leave  as  much  metal  as  ]>ossible  untouched  in  the  vicinity  of  the  rim- 
bases.  It  was  rarely  necessaiy  to  turn  oflf  more  than  one-tenth  of  an 
inch,  except  at  times,  from  the  face  of  the  trunnion.  The  gun  was  then 
buried  in  sand,  the  axis  of  the  trunnions  vertical,  the  trunnion  to  be 

*The  purest  tin  in  the  market  comes  from  the  islands  of  Banca  and  Billotin*  in  tbe 
Malayan  archipelago,  and  is  sold  once  or  twice  a  year  at  Amsterdam  and  Rotterdam. 
In  Whitney's  ifetallic  fVealth  of  the  United  States,  published  in  1854,  is  given  the  fol- 
lowing analysis  of  Banca  tin : 

Tin : :.  99.961 

Iron 019 

Lead 014 

Copper 006 

100. 000 

English  "  reftned'*  tin.  from  the  Cornish  mines,  stands  next  as  regards  purity,  and 
is  followed  by,  1st.  Euglisli  tin  (which  includes  *^Lamb  and  Flag;)  2d.  Straits  tin, 
from  the  Malayan  peninsula ;  3d.  Australian  tin. 

The  following  are  some  of  the  prominent  brands  of  Lake  Superior  copper,  a  prefer- 
ence being  ffiven  to  the  first  two  :  *^  Minnesota, '^  **  Quincy,"  "  Central,"  **  Calumet  and 
Hecla,"  "  Copper  Falls." 
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$paire<l  uppermost.  A  mold  was  then  formed  in  the  sand  about  and 
boTe  this  trunnion  and  slightly  larger  than  it  in  diameter.  (Plate  Uy 
*ig.  2.)  A  ladle  of  melted  bronze  was  then  poured  very  slowly  into  the 
lold,  which,  soon  overflowing,  ran  into  a  receptacle  prepared  for  it  in 
[le  vicinity.  The  molten  metal  gradually  melted  that  portion  of  the 
Acting  with  which  it  came  in  contact,  and  when  tiiis  fact  was  assured 
>y  feeling  the  face  of  the  trunnion  with  an  iron  rod)  the  pouring 
as  stopp^.  In  a  few  minute?  the  gun  was  taken  from  the. sand  ana 
-ansferred  to  the  trunnion  lathe.  But  one  trunnion  was  prepared  for 
lis  process  at  a  time,  in  order  t#  have  the  assistance  of  one  finished 
runnion  in  centering  the  other  for  turning.  After  being  repaired,  these 
hree  guns  were  subjects  to  the  usual  firing  proof,  and  having  stood  it 
atisfactorily,  all  other  guns  i>osses8ing  this  but  no  other  defect  were 
imilarly  repaired. 

PROOF. 

Acconling  to  the  contract  each  gun  was  to  be  "  proved  by  firing  three 
t>ands,  the  proof-charge  to  be  12  ounces  Hazard's  Navy  cannon-powder, 
*  •  •  and  a  cylindrical  bolt  or  projectile  to  weigh  not  less  than  lo  , 
[>onnds ;  •  •  •  the  powder  proof  to  be  applied  with  *  rough  boring ' 
before  ^  finishing  reaming,'  diameter  of  rough  bore  to  be  from  2.25  inches 
to  2.3  inches ;  one  gun  from  the  first  lot  finished  to  be  put  to  extreme 
proof  by  continuous  firing  with  heavy  charges.'' 

Guns  Xos.  7, 10,  and  14  were  fired  as  prescribed,  mounted  upon  a  car- 
nage which  was  made  to  recoil  up  a  sand  slope.  The  effects  on  these 
^uns  were  somewhat  disastrous.  They  were  excessively  enlarged  both 
[>n  the  interior  and  exterior,  and  the  trunnions  were  badly  bent.  Upon 
consultation  with  Lieutenant  Lyle  it  was  agreed  that,  since  8  ounces 
wrould  be  the  maximum  service-charge  for  the  guns  under  ordinary  cir- 
cumstances, the  proof-charge  could  be  jdiminished  to  that  amount.  As 
an  additional  precaution  the  carriage  was  lightened  so  as  to  reduce  it  in 
weight  to  86  pounds,  and  two  trunnion  rings  or  sleeves  (first  made  of 
bronze,  afterwards  of  steel)  were  made  to  slip  over  the  trunnions  to  pre- 
vent them  fix)m  being  bruised  during  the  proof  firing.  Three  small  pins 
were  subsequently  attached  to  the  outer  surface  of  the  sleeves,  which, 
fitting  into  a  groove  cut  in  the  trunnion  bed-plate,  prevented  any  out- 
ward motion.  When  first  used  these  rings  occasionally  slipped  outward 
slightly  after  the  first  fire,  and,  being  unobserved,  the  strain  at  the  next 
fire  was  thrown  on  a  point  of  the  trunnions  removed  from  the  rimbases 
and  the  trunnions  consequently  bent  slightly  to  the  front.  Excepting 
this  mishap,  no  effect  was  produced  upon  any  gun  during  proof  after 
the  8-ounce  charge  had  been  adopted. 

It  has  been  stated  that  the  contract  required  one  gun  of  the  lot  first  fin- 
ished to  be  subjected  to  extreme  proof.  Gun  No.  18  had  been  originally 
condemned  on  account  of  the  weakness  of  the  metal,  as  shown  by  the  speci- 
men from  the  sinking-head,although  the  appearance  of  the  fracture  showed 
Swhat  most  of  the  early  gunslacked)  afair  mixture  of  the  metals.  By  acci- 
lent  this  gun  was  offered  for  and  subjected  to  proof,  after  which  it  was 
discovered  that  it  had  been  condemned.  An  offer  was  made  to  P.,  K. 
&  Go.  and  accepted,  that  this  gun  should  be  finished  for  extreme  prooi^ 
with  the  understanoing  that  if  it  failed  they  were  to  replace  it  and  stand 
the  expenses  of  its  proof. 
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Fir'mg  record  of  ffun  No,  18,  tulffected  to  eJBtreme  proof. 


^tai-^^^^^iMta 
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^9 

^1 
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^1 

Of. 

lAt. 
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11 

10 

12 

10 

13 

10 
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10 

15 

10 

16 

10 

17 

10 

18 

\ 
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18.5 

18.5 

18.5 
18.5 
18.5 
18.5 

ia5 
las 
ia5 

1&5 


Finit  proof,  no  noticeable  effect.    (6an  bored  to  2.3  inches.) 
Greatest  enlargement  of  bore  (midway  between  vent  and  tmnnions)  0.0115  inch,  i^ 

proximate. 
Greatest  enlargement  of  bore  at  muule,  0.001  inch. 
'  Enlargement  of  first  reinforce  Z5  inches;  in  fhmt  of  rent  0.0115  inch.    Teatn- 

screwed  and  foond  to  be  in  perfect  condftion. 
,  Enlargement  of  chase  at  muzzle  0.005  inch. 
(  Enlargement  of  first  reinforce  0.022  inch. 
I  Enlargement  of  chase  0.0115  inch. 

(  Enlargement  of  first  reinforce  0.05  inch,  point  of  greatest  enlarg^nent  moring  tonri 
J     tnmnions. 

)  Enlargement  of  chase  0.022  inch,  point  of  greatest  enlargement  midway  betve«a6tt 
i     and  trunnions. 

(  Enlargement  of  first  reinforce  0.065  Inch. 
(  Enlargement  of  chase  0.050  inch. 
Enlargement  of  first  reinforce  0.080  inch. 
Enlargement  of  chase  0.060  inch. 
Enlargement  of  first  rein  force  0.102  inch. 
,  Enlargement  of  chase  0.0663  inch. 
C  Enlargement  of  first  reinforce  0.106  inch. 
1 1  Enlargement  of  chase  0.068  inch. 
I  (  Enlargement  of  first  reinforce  0.121  inch. 
I  \  Enlargement  of  chase  0.090  inch. 
'  C  Enlargement  of  first  reinforce  0.121  inch. 
I )  Enlargement  of  chase  0.101  inch. 
\  \  Enlargement  of  first  reinforce  0.129  inch. 
I  \  Enlargement  of  chase  0.112  inch. 
'  (  Enlargement  of  first  reinforce  0.188  inch. 
:  \  Enlarg^nent  of  chase  0.120  inch. 
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After  commenciiig  to  Are  with  13  ounces  the  trunnions  were  found  to 
be  slightly  bent  to  the  front,  and  after  the  third  round  a  slight  fractoie 
was  observed  in  rear  of  the  trunnions  and  at  their  junction  with  the 
rimbases.  This  was  a  natural  consequence  of  the  bending  of  the  troii 
nions,  and  as  thej  bent  the  more  to  the  front  (for  which  an  overtaied 
carriage  was  greatly  responsible),  the  more,  but  to  a  slight  extent,  ^ 
fracture  extended. 

After  completing  the  10  rounds  with  15  ounces  the  axis  of  the  trun- 
nions was  found  to  be  at  its  fkce  out  of  its  true  position  0.18  inch.  Towaid 
the  close  of  the  proof,  gas  escaped  about  the  vespt  piece. 

Three  hundred  and  tiiree  rounds  had  now  been  fired  from  gun  ^0.1^, 
and  it  was  considered  that  its  endurance  was  sufficiently  proved.  It 
was  therefore  placed  in  a  lathe  and  first  cut  into  two  parts  through  a 
plane  perpendicular  to  the  axis  of  the  gun  and  in  front  of  tlie  vent 
and  the  forward  part  afterward  cut  into  two  parts  through  a  plane  at 
right  angles  to  the  axis  of  the  trunnions.  Serious  defects  were  foond 
to  exist  in  the  shape  of  holes  extending  from  the  bore  toward  either  tron* 
nion,  two  of  which  were  about  0.5  inch  deep.  It  can  only  be  surmised 
that,  as  this  gun  was  cast  under  pressure,  the  cinder,  which  under 
ordinary  circumstances  of  casting  has  a  tendency  to  rise  to  the  surface, 
may  have  been  retained  in  the'  gun,  more  esi>ecially  as  the  means  used 
for  skimming  the  metal  was,  when  this  gun  was  made,  very  imperfect 

Plate  YI  shows  the  ultimate  enlargement  of  tiiis  gun,  and,  for  the 
sake  of  comparison,  of  gun  No.  7,  both  cast  under  pressure,  after  proof 
firing  with  three  rounds  with  12  ounces  of  powder.  To  an  extent  it  cor- 
roborates the  opinion,  entertained  at  the  time  it  was  suggested  changing 
the  proof-charge  from  12  to  8  ounces,  that  the  more  moderate  charge 
would  the  better  enable  the  gun  to  suosequently  stand  the  heavier. 
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INSPECTION. 

All  principal  dimensions  were  verifled  by  specially  constracted  gauges, 
wad  proved  the  work  to  have  been  performed  with  great  care. 

The  workmen  had  been  provided  with  a  2.5-inch  Whitworth  gauge, 
vhich  they  tried  in  the  bore  of  every  gon  before  it  left  the  boring-latiie ; 
nevertheless  the  bores  of  about  one-tenth  of  all  guns,  when  offered  for 
Inspection,  were  found  to  be  slightly  small  and  ha^  to  oe  re-bored.  This 
^as  due  to  the  fact  that  the  gauge  had  occasionally  been  tried  in  the 
guQs  while  still  warm,  and  consequently  enlarged,  from  the  effect  of  the 
boring  tool. 

TABLES. 

Table  'So.  1  contains  the  records  of  mechanical  tests  of  specimens 
taken  from  the  sinking-heads  of  guns  I^os.  239  and  227.  The  situation 
of  tiie  former  in  the  sinking-head  is  shown  in  Fig.  5,  Plate  V.  Speci- 
mens 4  and  5  were  taken  from  positipns  in  No.  227,  corresponding  to  C 
and  A  of  same  plate.  Nos.  6  and  7  were  radial  specimens  from  the 
same  head. 
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A  feature  incidental  to  the  casting,  but  which  is  not  shown  in  the 
records  on  account  of  the  meagerness  and  uncertainty  of  the  iuformation 
obtained,  was  the  extreme  variations  of  temperature  and  fluidity  in  the 
different  crucibles  of  melted  copper  designed  for  a  charge.  During  per- 
sonal observation  of  many  castings,  on  no  occasion  could  even  an  Tin 
skilled  witness  fail  to  notice  the  differences  between  the  contents  of  tbe 
two  ladles.  Sometimes  the  metal  in  one  crucible  would  be  exceedingly 
liquid,  while  the  other  was  almost  pasty;  sometimes  both  crucibles  were 
very  hot,  though  to  an  unequal  extend ;  at  other  times  both  quite  doll 
The  defects  or  differences  resulting  from  this  irregularity,  whatever  maj 
have  been  their  extent,  might  have  been  corrected  had  the  charges  been 
melted  in  a  furnace. 

Attached  to  this  report  are  extracts  from  a  publication  by  Lieut 
Michael  Levitzky,  of  the  Eussian  nav^y,  upon  the  fabrication  of  brona 
guns,  which  have  been  taken  from  the  Revue  cT Artilleries  October,  1876 

•  •  •  »pjjg  most  complete  experiments  and  the  greatest  success  in  the  imp^o^^ 
ments  applied  to  the  fabneation  of  guns  are  due  to  Col.  Alexander  Lavro  v,  of  the  ar- 
tillery. His  works  commenced  by  a  very  complete  study  upon  bronze  guns  ca«t  is 
acconlance  with  a  series  of  t^sts  made  in  1858  at  Li^ge,  in  the  presence  of  experiencwl 
artillerists.  These  experiments  refer  to  the  temperature  of  tJie  metal  when  poured. 
the  rai»idity  of  cooling,  the  eftect  of  annealing,  and  the  proportion  of  the  ingredient*. 

The  following  are  some  of  the  principal  results  obtained  by  Colonel  Lavrov : 


O 


The  metal  fuseti.      The  metal  coole<l. 


4-^  '  Kapidly Rapidly. 

21-19  I  Slowly |....do  ... 

6-7     Rapinly i do  . . . 

16-47  I  Slowlv ....do  ... 

15-13  ,....do* Slowly.. 


Auuealiug;. 


Without. 

...do.... 

With.... 

Without. 

....do.... 


Specific  graTity. 


8.841 
8.855 
8.863 
8.805 
8.837 


c 
z 


a  740 
8.563 
8.726 
8.649 
&583 


Pound*.  Pawii 

70, 106  i  4T.T9 
54.367  i3,S! 
02,758  I  46,  es 
50,  293  43,  :S 
49,777      41,585 


These  results  prove  among  other  things  that  it  is  best  to  cool  the  metal  rapidly 
while  it  is  in  the  liquid  stat«,  and  to  hasten  the  cooling  even  after  solidification. 

This  suggested  to  Colonel  Lavrov  the  idea  of  discarding  in  future  the  method  of  cast- 
ing in  sand  molds  and  of  using  iron  molds  instead.  Such  molds,  which  produce  a 
sudden  chilling  of  the  metal,  impart  to  it  considerable  strength,  and  moreover  have 
the  advantage  of  possessing  an  invariable  shape.  The  metal  consequently  soUdifies 
into  a  volume  the  size  of  which  has  l^eeu  accurately  calculated  in  advance.  Another 
modilication  was  designed  with  the  intention  of  assuring  uniformity  in  the  8hrinka{|e^ 
so  as  to  supply  from  the  liquid  metal  that  diminution  of  volume  which  occurs  while 
passing  from  the  li(]uid  to  the  solid  state. 

To  this  end  Colonel  Lavrov  so  designed  the  interior  profile  of  the  mold  that  each  of 
the  transverse  sections  should  be  at  least  equal  to  the  lowest  section,  so  that,  solidifi- 
cation commencing  at  the  bottom,  the  liquid  metal  might  feed  the  lower  parts  as  tast 
as  and  to  the  extent  that  the  solidification  occurred. 

Tlie  old  mode  of  casting  with  the  breech  down  was  then  discarded,  and  from  that 
tiine  the  chase  formed  the  lower  part  of  the  mold.  Moreover,  there  is  another  ad- 
vantage derived  from  this  mode  of  casting.  During  the  first  momenta  of  cooling  the 
gun  may  be  considered  a  vessel  with  thin  walls  filled  with  a  very  heavy  liquid.  This 
will  contract  as  it  cools,  and,  if  the  breech  be  down,  will  be  suspendc^d  by  means  of 
the  trunnion^,  which  consequently  have  to  sustain  the  entire  weignt  of  the  gun.  This 
may  also  be  the  cause,  due  to  the  unequal  shrinking  of  the  different  parts,  of  produc- 
ing numerous  small  cracks  in  such  weak  spots  as  the  rear  of  the  triuinions,  which  are 
filled  with  white  metal,  the  fusibility  of  which  keeps  it  liquid  longer  than  the  rest  of 
the  mass. 

In  order  to  assure  the  mixture  of  the  upper  parts  of  the  castins  a  sinking-head  is 
placed  above  the  breech.    Its  cooling  is  retarded  by  a  sand-head  placed  on  top  of  the 
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old  prt)iM>r.  This  purt  uf  the  mold,  iuclosed  in  sand,  forms  a  reservoir  of  tiuid  metal, 
liich  supplies  the  space  produt*e<l  by  the  contraction  as  fast  as  it  occurs. 
The  trunnions  when  cast  have  the  shape  of  trapezoidal  prisms.  With  this  form 
key  have  the  advantage  of  being  able  to  descend  freely  with  the  rest  of  the  casting 
xring  the  contraction  of  the  mass.  This,  however,  refei-s  to  small  castings.  For 
j^  calibers  it  is  far  preferable  to  cast  the  trunnions  separately  attached  to  a  ring, 
liich  is  subsequehtly  heated,  slipped  over  the  gun,  and  shrunk  into  place.  »  *  ♦ 
We  can  now  pass  to  an  examination  of  some  of  the  details  in  the  fabrication  of  can- 
on ;  such  as  has  been  propose<l  by  Colonel  Lavrov,  and  such  as  he  has  actually  tried 
b  t\w  arsenal  at  St.  Petersburg. 

The  mold  in  which  the  guns  are  cast  is  com{>osed  of  three  or  four  cast-iron  flasks, 
ach  of  which  is  formed  in  two  parts,  connecte^l  together  by  bolts,  and  provided  with 
.nuiuions  or  handles  to  facilitate  the  manipulation  of  the  mold  and  its  disposition  in 
ae  pit. 

The  assembling  of  the  mold  is  commenced  by  laying  a  cast'-iron  bed-plate,  covered 
y  a  mixture  of  two  parts  of  broken  fire-brick  and  one  part  of  black  refractory 
and.  »  •  *  Upon  this  bed-jjlate  is  placed  the  muzzle  section  of  the  mold  (A,  Figs. 
f  %  an<l  14,  Plate  VII),  forming  on  the  exterior  the  frustum  of  a  tight  pyramid,  and 
m  the  interior  a  truncated  cavity,  divided  into  two  parts  and  united  together  by  six 
»lt8.  As  this  part,  after  the  solidification  of  the  casting,  is  onl^  lifted  when  laid  nori- 
sontally,  it  is  not  furnished  with  trunnions  like  the  other  sections  of  the  mold.  The 
rollowing  section  (B)  contains  the  trunnions  of  the  gun.  It  is  also  divided  into  two 
partM,  connected  together  by  four  bolts,  and  fui-nished  with  handles.  The  position  of 
tie  trunnions  is  marked  by  two  deep  prismatic  recesses,  which  are  symmetrically  divided 
hy  the  plane  of  union  of  the  two  parts  6f  the  flask. 

Tbest^  re<*esses  commence  at  a  height  of  3  or  4  inches  above  the  trunnions  and  reaok 
|ilmost  to  the  Inittom  of  the  flask  A.  Toward  each  end  the  recesses  gradually  dimininh 
in  depth,  and  their  surfaces  as  gradually  coincide  with  that  of  the  interior  of  the  mold. 
Kie  breech  section  C  ditters  only  from  section  B  in  the  absence  of  the  recesses  for  the 
^nunions  and  by  an  enlargement  made  in  the  upper  nart  of  the  mold. 

Sometimes,  as  in  ^uns  larger  than  9-pounders,  the  flask  C  is  replaced  by  two  flasks, 
ie  lower  of  which  is  made  with  thick,  the  upper  with  thin  walls.  Finally,  the  mold 
*f  the  sinking-head  D  is  so  made  as  to  secure  a  gradual  cooling  of  the  metal.  This 
^counts  for  its  bein^  made  in  the  old-fashioned  way  of  sand.  The  entire  interior  of 
^e  mold  is  then  painted  with  coke-wash,  and  afterwards  with  a  heavy  coat  of  the 
^me,  until  the  surface  assumes  a  bright  metallic  appearance. 

Figs.  3,  4,  and  5  represent  the  plan  of  the  muzzle  part  of  the  flask,  the  section  of  the 
*rt  for  the  trunnions  and  the  section  of  the  part  for  the  sinking-head. 
Trunnions  for  mortars  are  cast  separately  in  special  flasks.  Figs.  6  and  7.     *      *      * 
The  diflerent  sections  of  the  flask  are  assembled  in  the  pit  of  the  foundery  on  the  cast- 
tin  l»ed-plate,  which  rests  on  the  cylinder  of  an  hydraulic  press. 
In  onler  to  support  the  mold,  the  upper  sections  of  the  flask  are  held  by  two  chains 
^tened  into  the  walls  of  the  pit,  and  the  bottom  of  the  section  for  the  chase  is  se- 
ired  by  means  of  an  especial  frame  (Fig.  14,  K,  and  Fig.  8),  the  upper  plate  of  which 
'  cut  to  the  contour  of  the  flask  and  the  lower  pierced  through  the  center  with  a 
>und  orifice.     The  ns4»  to  which  this  is  put  will  be  further  explained. 
Above  that  portion  of  the  mold  which  contains  the  sinking-head  is  placed  the  cap 
'  (Fig.  9),  which  is  united  to  the  bed-plate  by  four  rocls  (G,  Fig.  14),  alwavs  kept  in 
stater  of  tension  by  means  of  the  springs  H  pressing  against  the  heails  of  ^)olts  U  at 
le  eu<lH  of«th«'  rwls  and  against  the  under  surface  of  the  bed-plate  R. 
Within  the  cap  is  inserted  an  earthen  tube*,  r  (Fig.  10),  and  above  it  a  cast-iron  tube 

the  same  dimensions,  but  connected  with  a  rectangular  trough  L  (Fig.  11),  which 
I  iti«  turn  is  surmounted  by  the  coln]»re^s.sol•-block  M  (Fig.  12). 

A  c-onical  projection,  »w,  is  attached  to  the  under  surface  of  the  block,  which  is 
ereed  at  its  four  <*omer8  with  holes,  through  which  pass  the  upnghts  N  (t^g.  14), 
hich  n'Hch  to  the  bi>ttom  of  the  pit,  where  they  hold  suspended  a  thick  cast-iron 
.ate,  O,  upon  which  is  applied  the  piston  of  an  hydraulic  jack. 

At  the  moment  of  casting,  the  entire  ari'angement,  M,  N,  O,  is  suspended  from  lb 
■ane,  and  the  extremity  of  the  conical  ]irojection  is  from  2  to  2.5  inches  above  the 
pper  orifice  of  the  tuV)e  i.  But  hardly  is  the  mold  filled  with  metal  when  the  chain  of 
le  crane  is  hiwered  and  the  hydi'aulic  pressure  applied. 

The  piston  Q  presses  firmly  against  the  plate  O,  which,  by  means  of  the  uprights  N, 
lib*  down  the  compressor-block  M.  The  conical  projection  m  closes  the  upper  orifloe 
the  tube  /,  and  the  tube  r  is  forced  into  the  liquid  metal  some  20  inches  (50  c.  m.) 
In  order  that  the  metal  may*  not  escape  from  below,  the  lower  op«*ning  of  tne  section 
'  the  flask  for  the  chase  is  closed  by  means  of  a  disk  (Fig.  13)  about  3.5  inches  thick, 
5  inch  of  this  thickness  fitting  into  the  fia,sk  and  the  reirtaiutler  into  a  recess  cut  fti 
le  center  of  the  inner  plate  of  the  frame  E  (Fig.  8).     The  whole  is  carefully  daubed 

ith  sand  in  such  mann«'r  :is  to  prevent  all  possible  escape  of  metal. 
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APPENDIX  8. 

DESCRIPTION  OF  THE  LYLE-EMERY  GRAPPLE  SHOT. 
Lietit.  D.  A.  LTX.E,  Ordnance  Department. 

Four  plates. 

s  projectile  was  devised  by  Lieut.  D.  A.  Lyle,  Ordnance  Depart- 
U.  8.  A.J  and  Mr.  C.  E.  Emery,  draughtsman  at  the  National 
ry.    It  is  intended  for  use  in  connection  with  the  2^-inch  Lyle  gxm 
B-saving  purposes. 

DESCRIPTION. 

Shot  No,  1,  Plate  /,  marked  A  1. 

s  is  an  elongated,  solid,  cast-iron,  smooth-bore  projectile,  with  a 
^ht-iron  base  and  shank.  In  form  the  shot  is  cylindro-ogival.  The 
$  of  the  ogival  heiul  is  eciual  to  tlie  diameter  of  the  projectile.  An 
cavity,  1.25  inches  (3.175  centimeters)  deep  is  bored  in  the  rear 
f  the  shot,  upon  whose  interior  cylindrical  surface  is  cut  a  female 
-thread  to  engage  the  screw  on  the  wrought-iron  base.  The  base 
cylindrical  axial  cavity  drilled  through  it,  with  a  rounded  grobve  on 
de  to  accommodate  the  st<3p  and  stop-spring.  The  front  end  of  this 
'  is  enlarged  by  counter-boring,  to  allow  the  nec^essary  longitudinal 
>f  the  shank-head  in  opening  and  closing  the  flukes.  The  screw  on 
id  fits  that  in  the  body  of  the  shot.  At  the  rear  end  of  the  base  are 
;^e  sectoral  slots,  equidistant  circumferentially.  The.se  slots  re- 
bhe  heads  of  the  flukes,  which  are  fastened  t^  the  base  at  these  points 
ets.  Circular  grooves  are  milled  out  lietween  the  slots  to  allow 
sertion  of  the  rivets.  The  shank  is  of  forged  wrought  iron.  The 
end  of  this  bolt  has  a  screw-threa^l,  upon  which,  after  insertion  in 
dal  cavity  of  the  base,  a  nut  is  placed.  Tliis  end  of  the  bolt  is 
d  after  screwing  on  the  nut.  A  rectangular  groove  on  one  side 
;  shank  receives  the  stop  and  spring.  Five  lugs,  placed  equidis- 
around  the  shank  near  the  ft>rward  end,  serve  a.s  points  of  attach- 
forth  e  Unks  that  extend  the  flukes.  The  rear  end  of  the  shank 
ns  an  eye-hole  for  attaching  the  line  in  firing.  Each  link  is  com- 
of  two  flat  pieces  of  Troy  steel,  with  holes  at  each  end  to  receive 
►^ets  that  connect  them  with  the  shank  and  fluke.  The  flukes,  five 
nber,  are  also  made  of  Troy  steel.  Each  fluke  has  a  rounded  notch 
ts  upper  or  forward,  end  to  accommodate  the  corresponding  lug  on 
ank  when  closed.  All  edges  or  angles  are  carefully  rounded.  The 
3  of  form  and  constniction  had  to  be  such  as  would  permit  the  use 
1  projectile  in  the  2.i-inch  gun  alrciidy  in  the  service,  and  prevent 
tanglement  of  the  line  a^  much  as  possible  in  firing. 
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DIMENSIONS  AND  WEIGHT. 

Inches.    Centimeten. 

Total  length  of  bodyaudbase. 13.50    =34.2H9 

Length  of  ogival  head 2.17    =    5.5118 

Kadiusofhead , 2.50   =    6.350 

liength  of  cylindrical  part 9.83    =24.967 

Diameter  of  cylindrical  part 2.50    =    6.350 

Axial  cavity — Length 1.25   =    3.175 

DiameU»r 1.50    =    3.810 

Base— Total  length 2.75   =   6.985 

Body—Length 1.50    =    3.810 

Diameter 2.50   =    6.350 

Screw-thread — Length 1.25    =    3.175 

Diameter L675=    4.253 

Axial  oavity— Length 1.00   =   2.54 

Diameter 0.625=   1.587 

Width  of  slot  for  stop 0.24    =    0.609 

Counter-bore — Length ^.--       1.75    =    4.445 

Diamet4»r 1.125=    2.857 

Stop— Total  length 2.10    =    5.334 

Width 0.24    =    0.6O9 

Greatest  thickness 0.20   =    0.508 

Least  tliickness 0.14    =    0.  :i55 

Height  of  shoulder 0.06    =   0.152 

Distance  of  shoulder  from  rear  end    1.25    =    3. 175 

Shank— Total  length 13.25   =;W.654 

Length  of  screw-thread 0.65   =r    1.651 

Diameter  of  screw-thread 0.625—    l..'>t^ 

Nut— Diameter 1.125=    2.857 

Thickness 0.625=    1.587 

Length  fix>m  plane  of  base 10.50    =26.670 

Distance  from  base  to  center  of  eye-hole 10. 00    ^25. 400 

Diameter  of  eyehole 0.40   =    1.016 

Widthateve*. 1.00    =s    2.540 

Thickness  at  eye 0.40    =    L016 

Diamet^T  of  neck w T      0.6^=:    1.587 

Stop  slot- length 2.10    =    5.334 

Width 0.24    =    0.609 

Depth 0.10    =    0.254 

Lags — Number  of Five.        Five. 

Length : 0.60   =    1.524 

Height  above  axis  of  shank 0. 875  =   2. 222 

Thickness 0.25    =   0.€!3a 

Diameterofeye 0.:«)    =    0.762 

Links — Number  of  pieces Ten.  Ten. 

Length 2.10    =    5.334 

Width 0.60    =    1.524 

Thickness 0.125=    0.317 

Diameter  of  rivet  holes 0.:iO    =    0.762 

Distance  between  center  and  rivet  holes 1. 50    =    3. 810 

Flukes — Number  of Five.         Five. 

Length 8.  :W    =2L082 

Greatest  mdth 0.60    =    L524 

Lesserwidth 0.30    =    0.762 

Widthatpoint 0.10    =    0.254 

Thickuews *    0.25    =    0.6:J5 

Diameter  of  rivet  holes 0.30    =    0.762 

Distance  between  rivet  holes 2.05    ^=    5.206 

Total  length  of  shot  and  shank  with  flukes  closed 23. 50    =59. 689 

Total  length  of  shot  and  shank  with  flukes  extended. . .  24. 60    =  62. 483 

Distance  of  et'nter  of  gravitv  from  base 5.  00    =12. 700 

Weight ; 18. 218  + lbs.  =8.264  k 

ACTION. 

The  projectile  is  inserted  in  the  gun  point  first,  with  the  flukes  clo 

and  the  line  tied  in  the  eye-hole  of  the  shank.  In  this  position  the  I 
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f  tlie  shot  is  toward  the  muzzle  of  the  gun ;  the  flukes  partially  enter 
he  bore  while  the  shank  extends  beyond  the  muzzle.  In  firing,  the 
irojectile  describes  the  first  part  of  its  trajectory  base  foremost ;  the 
train  upon  the  shank  being  toward  the  rear,  the  flukes  are  kept  closed ; 
>ut,  as  soon  as  the  projectile  reverses,  the  tension  on  the  line  draws 
mt  the  shank  to  the  limit  of  its  play  in  the  base,  spreading  the  flukes 
o  their  full  extent.  When  the  head  of  the  shank  reaches  the  bottom 
>f  the  counter-bore  in  the  base  of  the  shot,  the  stop  is  thrown  out  by 
he  action  of  the  stoi>-spring  and  a  square  shoulder  catches  on  the 
►ase  and  prevents  the  closing  of  the  flukes.  The  latter  may  be  opened 
md  closed  readily  by  hand.  To  close  the  flukes  press  the  thumb  upon 
he  stop  until  the  shoulder  is  disengaged,  and  tlien  push  in  the  shank 
gently  till  its  head  strikes  the  front  end  of  the  counter-bore. 

USE. 

When  veijsels  are  stranded  tlie  crews  sometimes  fasten  a  line  or  rope 
o  a  cask,  spar,  buoy,  or  raft,  and  heave  it  overboard,  hoping  that  the  wind 
aid  waves  will  throw  it  on  the  shore  to  be  seized  by  persons  there,  thus 
stablishing  communication  between  the  wreck  and  beach.  It  frequently 
•ccurs,  however,  that  there  is  an  inshore  current  that  carries  the  float- 
ag  object  along  parallel  to  the  coast,  in  which  case  the  object  desired 
a»ils  to  be  att-iiined.  This  projectile  wns  devised  for  the  purpose  of 
iring  over  the  line  thus  paid  out  from  the  stranded  vessel,  so  as  to  pass 
bbove  that  line  at  some  point  between  the  cask  or  buoy  and  the  vessel, 
md  then  by  hauling  in  the  attached  shot-line,  the  flukes  grapple  the 
iliip'sline,  and  enable  the  life-saving  crew  on  shore  to  land  the  buoy  and 
»ecure  the  line  from  the  vessel.  There  are  other  uses  to  which  it  may 
>e  put  that  will  readily  suggest  themselves  to  those  familiar  with  the 
'►ervice. 

Shot  No.  2,  Plate  11^  marked  A  2. 

This  projectile  only  difi'ers  from  No.  1  in  having  the  body  two  inches 
shorter  and  the  shank  two  inches  longer  than  that  shot,  and  in  being  of 
ess  weight.    The  details  are  given  in  the  plate. 

WEIGHT. 

WViglit 15.8125  lbs.  =  7. 172  kilos. 

DiHtaiuM' <»t'('ent<'r  of  gravity  from  base 3.875    inches    =  9. 842  centimeters. 

EXPLANATION   OF  PLATES. 

Plate  I. 

Fig.  1.  Partial  longitiidinal  section  of  grapple  shot  Tvith  the  flukes 
dosed. 

Fig.  2.  Same,  opened. 

Fig.  3.  Shank,  showing  lugs,  &c. 

Fig.  4.  Section  of  shank  showing  relative  position  of  lugs  and  method 
>f  attaching  links. 

Fig.  5.  Side  and  rear  elevations  of  base. 

Fig.  G.  Plan  and  side  elevation  of  stop  and  spring. 

Fig.  7.  Plan  and  elevation  of  nut  or  shank-head. 

Fig.  8.  One  of  the  pieces  forming  the  link. 

Fig.  9.  Side  and  edge  of  fluke. 
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Plate  II. 

See  explanation  of  Plate  I.    The  same  figures  ai^  useil  iu  botl 
designate  similar  parts. 

Plate  III. 

The  Lyle-Emery  grapple  shot  closed. 

Plate  IV. 
The  same  shot  open. 
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APPENDIX  T. 

DESck'FnON  OF  THE  LAIDLEY  CAVALRY  FOKiJE. 

V:()l.  T.  T.  S.  LAinLBY,  Onliianci'  Dt-partmeiit 


\ 


(Seven  plates.) 


The  cavalry  board  of  x^74  reeouiinended  for  tbe  eavaliy  service,  **  to 
pply  a  want  long  felt,'"  |*  the  adoption  of  a  traveling  forge-cart,  to  be 
ued  to  each  company  Lf*  cavalry,  for  the  purpose  of  carrying  the 
u^ksmith's  bellows,  fire^x,  anvil,  coal,  blacksmith's  tools,  horse- 
oes,  nails,  and  iron ;  alsoVor  the  purpose  of  carrying  the  extra  am- 
mition,  saddler's  tools,  iiid  supply  of  leather  for  repairs  of  horse 
uipments."  The  cart  wasfto  be  an  open  one,  without  cover  or  tail- 
ard,  and  of  such  size  as  t4  give  a  stowage  of  21.9  cubic  feet  for  tools, 
al,  and  materials,  packed  .n  boxes,  and  arranged  for  di'aught  by  two 
•rses  or  mules,  one  in  shafts  and  the  other  by  his  side  or  in  front. 
After  the  necessarj'  stiength  to  withstand  the  wear  and  tear  of  serv- 
?.  and  the  desired  efficiency  to  do  the  i^uired  work,  the  next  most 
iportant  requisite  for  a  forge  for  the  cavalry  is  light  weight,  to  enable 
to  move  with  rapidity. 

Of  late  years  the  smith's  bellows  for  blowing  h\»  fire  has  been  gradu- 
ly  gi^ing  place,  both  in  poitable  and  stationary  forges,  to  the  I'otary 
n-blower,  which  has  the  advantage  of  giving  a  much  better  and 
eadier  blast  and  occupying  less  space.  These  qualities  fit  it  in  an 
uinent  degiee  for  use  in  traveling  forges  and  specially  urge  its  claims 
P  favorable  consideration ;  but  it  was  found  on  visiting  shops  where 
'th  systems  were  used,  that  the  bellows  wera  preferi'ed  by  the  work- 
'n,  and  this  arost^  on  account  of  the  monotonous  and  tiresome  mode 
M^orking  the  fan-blower,  which  was  done  by  a  ci*ank.  This  motion 
-s  not  admit  of  the  same  change  of  position  as  that  for  blowing  the 
lows,  but  calls  in  play  always  the  same  muscles,  and  admits  of  ^  little 
^rige  or  relief.  It  was  clear  that  in  order  to  make  the  introduction  of 
•  fan-blower  a  success  other  means  of  gi\ing  motion  to  it  must  be 
•^ised.*  It  was  observed  that  sewing-maehines  and  hand -lathes  were 
-tiessfully  worked  by  Hall's  treadle,  which  communicates  motion  al- 
5^8  in  the  same  direction  by  simply  pressing  the  foot  on  the  treadle, 
Xiiatter  in  what  position  the  fly-wheel  may  be ;  it  has  no  dead  centei*s. 
M-as  believcHl  that  if  the  blower  were  arranged  to  be  driven  by  a  lever 
•T*ked  by  the  hand — so  as  to  enable  the  man  to  change  his  position 
Q  shift  the  work  fix)m  one  hand  to  the  other,  the  sole  objection  to  the 
>wer  wonld  disappear  and  a  bettor  and  more  constant  blast  be  ob- 
Lued — the  space  occupied  by  it  being  less,  the  size  and  weight  of  the 
rt  could  l>e  diminished. 

A  l)t-tter  disposition  of  the  fiie-pan  was  desirable,  so  as  to  obviate  the 
cessity  of  breaking  and  forming  the  connection  of  the  blast-pipe  with 

'In  this  coimectiou  1  have  to  caU  your  atteutioii  to  the  credit  due  to  Mr.  A.  T. 
ew€»r,  of  this  ar^'na),  for  the  zeal  he  has  shown  aud  the  intelligence  that  lias  gnide<l 
from  the  l»eginning  to  the  completion  of  this  work.  He  lirst  hrought  to  my  atten- 
n  the  fr<iquent  u.s«*  of  tau-blowers  for  portable  forges,  and  besides  the  silent  ratchet, 
lich  18  as  eftective  as  ingenious,  tliere  are  other  mattera  of  detail  of  his  an*anging. 
thont  his  Jissistance  I  am  sun*  the  details  of  the  forj^e  would  not  be  ns  complete  as 
•V  now  are. 
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the  fii'e-paii  whenever  the  forge  was  to  be  prepai-ed  for  the  march  or  fi 
work.  This  was  ettected  by  making  this  connection  permanent,  ai 
causing  the  fire-pan  and  blower  to  slide  in  and  out  of  the  body  of  tl 
cart  when  required,  or  not,  for  use,  like  a  table  drawer.  It  was  a) 
deemed  ad\i8able  to  provide  the  body  with  a  light  wooden  cover,  t 
better  to  protect  the  contents  of  the  boxes  fix)m  rain  and  dust 

The  BODY — (Plates  I  and  11.) 

The  body  of  the  cart  is  composed  of  two  sides  and  two  middle  « 
of  oak,  diminishing  in  depth  from  the  middle  to  either  end.  They 
let  into  the  axle  body  to  which  they  are  secured,  the  former  by  two 
der  straps  and  the  latter  by  two  bolts.  The  side  sills  ai-e  rabbets 
receive  the  ends  of  the  tiooring  boards,  which  are  0.5-inch  ash,  and  < 
nect  the  sills  together.  The  rear  end  of  each  middle  sill  and  it*^  eo 
sponding  side  sill  is  connected  by  a  rear  sill,  and  the  end  of  the  mu 
sill  is  braced  by  a  plate-support  hinged  to  the  end  of  the  cover.  I 
for  the  saddler's  box  are  riveted  to  the  supports.  The  footboar 
fastened  to  the  sills  by  two  bolts  in  each.  The  splinter-bar  coiibi 
the  front  ends  of  the  sills,  which  are  held  by  one  bolt  in  each.  It 
jects  beyond  the  body  on  the  ott'  side,  and  is  strengthened  by  two 
braces.  Four  iron  stays  are  bolted  to  each  side  siU,  and  the  sidi 
the  body,  made  of  0.5-inch  wliitewood  l>oard§,  are  riveted  to  tliem. 
rear  stays  have  projecting  lugs  with  holes  for  the  tiiil-rod.  Comer  i 
are  screwed  to  the  front  end  of  the  body,  which  is  cut  down  to  the 
tance  of  one  foot  to  form  a  seat  for  the  driver.  Two  vertical  i>»rti1 
parallel  to  and  in  front  of  the  axle  form  two  compartments,  one  u 
the  driver's  seat  and  the  other  just  in  rear  of  it.  This  latter  is  fiii 
divided  in  the  middle  of  its  length  by  a  vertical!  partition  running  c 
wise. 

The  space  between  the  middle  sills  in  rear  of  the  axles  is  not  flo 
The  front  half  of  this  spjice  is  covered  in  by  a  thin  boiler-plate  iuv< 
arch,  closed  at  the  front  end,  which  is  fastened  to  the  axle  body  an 
cured  to  the  top  of  the  middle  sills  by  the  screws  that  hold  the  g 
plates.  These  latter  direct  the  motion  of  the  forge-irame  in  slidu 
and^out.  The  step  is  fastened  to  the  side  sill  on  the  near  side  i 
the  foot-board.  A  seat-rail  is  screwed  to  the  top  of  the  driver's  8€ 
each  end.  Four  stirrups  are  bolted  to  the  splinter-bar,  and  two  p 
hooks  and  a  shackle  to  the  axle  JhhIn  ,  to  secure  the  shafts  in  diff 
positions,  as  required. 

The  anvil-rack  is  made  of  two  pieces  of  angle-iron,  secured  a 
front  ends  to  the  axle  by  two  tap-screws,  about  which  they  move 
hinge.  They  are  joined  at  their  rear  ends  by  a  cross-piece,  to  whi 
riveted  a  hasp,  its  staple  and  plate  being  sci-ewed  to  the  rear  sill 
brake,  to  regulate  the  motion  of  the  cart  in  going  down  hill,  is  prov 
and  is  operated  by  the  driver's  foot  pressing  against  a  lever  just  in 
of  the  splinter-bar.  Two  props  made  of  gas-pipe  are  hinged,  oi 
the  front  and  the  other  to  the  rear  end  of  the  body,  and  are  held  i 
sition  when  traveling  by  spring  catches  operated  "by  a  wire  rod  ei 
in  a  ring  at  a  convenient  point. 

The  axle  is  let  into  the  axle  body  and  secured  to  it  by  the  under  st 
shackle,  and  bolts.  Its  under  surface  is  in  cross-section  the  arc 
circle. 

The  cover  has  a  light  frame  (»omposed  of  two  rails,  two  ends  of 
slightly  arched,  and  three  ribs  of  ash,  covered  with  .375-inch  white 
boanls,  sheathed  with  No.  25  sheet -copper.     It  is  hinged  to  the  bo 
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the  rear  end,  aod  secured  at  tlie  front  by  a  hasp  and  staple  for  a  pad- 
lock. A  folding  irou  prop  holds  it  in  position  when  open.  No  tail- 
board is  required.  The  ooal-box,  lire-pan,  smith's  and  saddler's  boxes 
fill  the  body  and  are  held  iii  place  by  the  tail-rod,  which  is  secured  by 
a  key  and  x>adlock. 

The  shafts  are  curved  to  give  the  horse  greater  freedom  of  motion. 
In  the  selection  of  the  wood  care  must  be  taken  to  get  such  as  has  a 
corresponding  curve  in  the  grain,  so  as  not  to  cut  across  it.  The  large 
end  is  provided  with  an  iron  shaft-eye  by  which  to  attach  it  to  the  axle 
body ;  that  for  the  off  shaft  is  bent  to  keep  it  away  from  the  wheels  so 
as  to  avoid  the  collection  of  mud  on  it.  Eye-plates  are  riveted  to  the 
ttoiit  ends  to  hitch  the  traces  of  the  horse  in  front.  The  shafts  may  be 
shifted  so  as  to  admit  of  the  cart  being  (kawn  either  by  two  horses 
abreast  or  tandem.  A  whifiletree  hooks  in  an  eyebolt  on  the  near  end 
of  the  splinter-bar  for  draught  when  the  horses  are  abreast. 

The  wheels  are  57  inches  in  height,  have  sixteen  spokes,  bronze  naves, 
and  steel  tires. 

The  an\dl  is  securely  att^iched  to  its  block  by  means  of  a  bolt  passing 
through  the  latter.  The  head  of  this  bolt  has  a  screw-thread  cut  on  it, 
on  which  the  anvil-block  base  is  screwed.  This  is  a  circular  plate  of 
wrought  iron,  and  is  required  to  give  greater  stability  to  the  anvil  when 
IB  use.     It  is  carried  in  the  lire-pan. 

Forge— (Plate  III.) 

The  forge  is  composed  of  a  box-shaped  wrought-irou  frame  to  which 
are  securely  riveted  the  tire  box,  fan,  and  brackets  for  the  necessarj' 
gearing.  It  is  complete  in  itself,  and  may  be  useil  either  in  the  cart  or 
placed  on  trestles  in  a  tent  or  shop.  In  the  former  case  it  slides  on 
bra^s  ways  fastened  to  the  middle  sills,  and  is  held  in  place  by  a  Ux5k- 
ing  bolt,  P,  operated  by  the  lever  t.  The  fire-pan  F  is  formed  by  adding 
a  sheet-iron  bottom  with  a  large  hole  in  the  middle  to  one  portion  of  the 
frame  and  riveting  to  it  a  circular  cast-iron  dish  having  in  its  center  a 
seat  for  the  tuyere  and  a  connection  for  the  blast-pipe.  The  bottom  of 
the  latter  is  movable  and  forms  a  door  through  which  to  clean  out  the 
ashes  which  may  fall  through  the  tuyere 

The  fire-pan  has  a  sheet-iron  double  cover  hinged  to  its  rear  edge, 
and  forming,  when  open,  a  fire-back  for  the  forge.    A  sheet-iron  apron, 
lunged  to  the  upi)er  front  edge  of  the  fire-pan,  closes  in  the  cart  when 
the  forge  is  not  in  use  and  excludes  the  dust.    The  rotary  fan  D,  Stur- 
tevant's  0000  pressure  blower,  about  twelve  inches  in  diameter,  is  se- 
cured to  the  transoms  S  S  by  four  bolts,  and  admits  of  a  motion  of  5- 
inch  to  the  front  and  rear  for  the  inirpose  of  keeping  the  proper  tension 
on  the  belt,  which  is  etiected  by  turning  the  screw  R.    The  rotary  fan 
requires,  in  order  that  it  may  perform  its  work  to  the  best  advantage, 
that  it  shall  revolve  rapidly.    To  attain  the  desired  speed  a  system  of 
gears  and  pulleys  is  necessary.    Two  wrought-iron  brackets  A  A  are 
riveted  to  the  transoms ;  their  bronze  bushings  form  the  bearings  for 
three  shafts,  B,  C,  and  G,  the  former  two  carrying  each  a  wheel  and 
pinion,  and  the  latter  the  driving-wheel  H,  with  teeth  cut  on  the  face 
and  both  edges  ;*on  the  shaft  G  is  placed  the  lever  L,  which  carries  two 
pawls  working  in  the  ratchets  of  the  driving-wheel  H.    A  simple  device 
raises  the  pawls  from  the  ratchets  when  not  at  work  and  prevents  the 
chcking  noise  common  to  ratchets.    A  spiral  si)ring  att^iched  to  the 
i^ort  arm  keeps  the  lever  down  rea^^ly  for  use ;  the  brake  handle  is  en- 
gage<l  in  the  link  T  and  resting  in  the  fulcrmn  K.    A  rotary  motion  is 
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giVeu  to  the  fau  by  pressing  the  lever  down  with  the  hand,  continuiug 
the  pump-handle  motion  with  a  len^a^th  of  stroke  to  suit  the  pleasure  or 
requirements  of  the  workman,  and  greater  rapidity  till  the  desired  mo 
tion  is  given  to  the  fan ;  it  is  always  in  the  right  direction. 

In  the  carts  first  built  the  driving-wheel  and  lever  were  dili'ereut  from 
that  just  described.  The  wheel  had  in  plac^  of  the  ratchet  a  projecting 
rim,  and  the  lever  instead  of  the  pawl  had  two  bronze  arms  bearing 
tw^o  steel  gibs  embracing  the  rim  ;  when  the  lever  was  niised  the  gibs 
caught  the  rim  of  the  wlieel  and  by  their  friction  caused  it  to  turn. 

The  silent  ratchet  was  prefeiTed  on  account  of  its  positive  liction  and 
the  less  accuracy  of  a<ljustnuMit  rccpiired  for  its  satisfactory  perform- 
ance. The  fulcra  K  K  arc  riveted  to  the  frame  and  have  a  hinge  near 
their  lower  ends  that  they  may  be  folded  down  on  the  firepan  when  not 
in  use.  The  diai)hrag;n  M  is  rrveteil  to  the  frame  and  closes  against 
the  fau  protector,  excluding  the  dust  and  dirt  Irom  the  fan  and  gearing. 
A  galvanized  sheet-iron  hood  covers  the  gearing  and  i)rotect«  it  from 
accident ;  a  iM>cket  in  the  right  side  is  nuule  to  (*arry  the  brake  handle. 

Boxes— (Plate  IV.) 

The  boxes  are  made  of  ..5-inch  whitewood  boards  dovetailed  and  se 
cui^ely  held  together  by  small  .screws  and  corner  irons;  one  end  of  each 
is  covered  with  sheet-iron  to  i)rotect  it  from  the  eftect  of  the  smith's 
fire. 

The  smith's  tool-box  has  three  horizontal  partitions  in  it,ma4leof  linch 
ash  boards;  a  compai*tnient  for  holding  the  saddler's  bags,  or  small 
stores,  is  made  in  the  front  pai*t  of  the  box  on  tof);  access  is  had  to  it 
when  the  cover  is  raised.  The  rear  eiul  of  the  box  is  closed  by  a  door 
covered  with  sheet-iron,  hung  on  hinges ;  it  is  secured  when  in  the  cart 
by  the  tail-Vod,  but  has  also  a  padlock  for  secairity  when  the  Ix^x  is  re 
moved  from  the  cart. 

The  coal-box  corresponds  in  construction  with  the  tool-box  except  it 
has  no  horizontal  paititions,  but  has  a  sliding  door  of  iron,  in  the  rear 
end,  through  which  the  coal  is  taken  out  as  required ;  this  door  has  a 
handle  which  is  secured  by  the  tail-rod.  The  box  is  filled  with  coal  from 
the  toj),  first  having  been  jiartly  puDexl  out  to  the  I'ear ;  it  \vill  contain 
one  hundred  and  sixty-five  pounds  of  coal. 

The  saddlei^s  box  is  of  an  iiregular  shape,  with  deep  sides  to  coutaiit 
the  leather  and  thus  utilize  all  available  space  about  the  forge ;  it  has  » 
cover  hinged  at  the  rear  end  and  is  secui'ed  by  a  chest  lock ;  it  slide^s^ 
when  in  the  cart  on  iron  runs,  and  is  held  by  a  ha«p  and  staple  to  th© 
end  of  the  cover,  secured  by  a  piwUock  ;  if  may  be  removed  or  retained! 
in  the  caii;  at  pleasure,  independently  of  the  other  boxes. 

The  shoeing- box  is  the  sanu^  as  that  for  the  field-forge  excci)t  in  length -r 
the  former  being  one-half  inch  shorter  than  the  latter ;  it  is  carried  oa 
the  fire-pan  cover.  The  compartment  under  the  drivers  seat  is  for  car- 
i-ying  the  saddlei^'s  horse  and  damj) ;  the  door  in  front  closes  against  ait 
iron  I'abbet  aiul  is  held  by  two  spring  bolts,  one  of  them  secured  by  a 
padlock.  The  compartment  for  spare  ammuniticm  is  secured  by  a  slid 
ing  bolt  and  staple  with  a  padlock. 

REMARKS.  * 

When  the  forge  is  packed  for  traveling,  the  materials,  tools,  and  iiu- 
l>lements  are  all  under  lock  and  key  and  not  liable  to  be  lost  or  stolen. 

The  capacity  of  the  l)Oxes  for  storage  is  greatcn-  than  that  a.sked  for 
by  the  board  bv  1  .^>  cubic  fec^t. 
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The  time  required  to  i^repare  the  t'or^e  tor  work  or  for  trauspoitatiou 
^  not  more  than  a  minute,  and  the  latter  can  be  perfoimed  though  the 
re-pan  may  be  greatfy  heated.  The  bhist  is  strong  enough  to  raise  the 
:iyere-plate,  weighing  four  pounds,  from  its  seat,  and  a  baggage-wagon 
xle  may  be  brought  to  a  welding  heat  iu  its  fii*e.  It  has  been  found  to 
meet  all  tin*  requirements  of  the  service,  and  has  furnished  the  conven- 
^ncies  for  keeping  shod  for  five  months  a  wagon  tniin  of  750  horses  and 
lules. 

It  is  believed  that  the  advantag<*s  gained  by  liaving  the  boxes  remov-, 
\)\e  from  the  body  is  not  commensunite  with  the  expense  and  additional 
reight  that  it  necessitates,  and  it  would  be  better  to  make  them  perma- 
i^nt  fixtures  to  the  cart. 

To  me  the  forge. — To  prevent  the  cart  from  tipping  over,  chock  tlie 
vbeels  in  ftojit  and  rear,  and  let  down  botli  props  by  pulling  the  handle- 
Tugs  in  front  and  rear.  Unlock  and  take  the  key  out  of  the  end  of  the 
»il-rod ;  withdraw  it.  I^et  down  the  forge  door  and  t^ke  out  the  slioe 
iig  box.  (rrasp  the  hasp  o£  the  forge  door  with  the  right  hand,  insert 
lie  middle  linger  of  the  left  hand  in  the  handle  of  tlie  locking-bolt: 
Iraw  out  the  forge,  ) lulling  both  hands  toward  the  body ;  as  soon  as  the 
brge  ha^s  moved,  let  go  with  the  left  hand,  continuing  tlie  a<*tion  with 
lie  right  till  the  locking-bolt  stops  it.  Raise  the  fulcnim  to  a  vertical 
K)sition.  Unlock  and  turn  the  anvil  hasp ;  seize  the  anvil-block  with 
K>th  hands ;  draw  it  out  till  the  anvil  rests  near  the  end  of  the  slide ; 
ake  the  anvil-plate  from  the  iii'e-pan,  sci^ew  it  on  the  end  of  the  block, 
•nd  place  the  anvil  four  feet  in  rear  of  the  cart  and  six  inches  to  the 
aft  of  the  left  wheel ;  withdraw  the  brake-handle  from  its  pocket,Jiook 
he  end  in  the  link,  and  enter  the  handle  in  the  slot  in  the  ttdcrum  on 
he  right,  if  the  smith  have  a  helper ;  on  the  left  if  he  have  none.  Bear 
bwn  on  the  handle  gently  at  first,  raise  it  a  foot  and  bear  down  some- 
what haixier,  increasing  the  i)re8sure  as  the  fan  gains  speed,  continuing 
his  pumping  motion,  and  varying  the  rapidity  of  the  stroke  according 
io  the  amount  of  blast  required. 

To  remove  the  forge  from  the  cart. — Place  two  trestles  parallel  to  "each 
)ther,  16  inches  apart;  raise  them  t^  a  height  of  2  feet  8  inches.  Two 
nen,  one  on  each  side  of  the  forge,  take  hold  of  it ;  one  pulls  the  handle 
)f  the  stop-bolt,  and  both  draw  the  forge  to  the  rear  and  place  it  length- 
rise  on  the  trestles.  Take  out  the  smith's  chest  and  coal-box  in  the 
lame  way  and  place  them  in  convenient  places. 

The  saddler's  chest  may  bo  taken  out  or  left  in  the  (iart  after  the  oth- 
TS  have  been  removed.  • 

To  pack  the  forge  for  travel iiuj^  proceed  in  the  inverse  order  to  that 
.Iready  described. 

To  load  the  cart. — Draw  the  coal-box  pait  way  out  to  the  rear ;  put  in 
he  coal  fi'om  the  top ;  push  it  well  to  the  front  end  of  the  box.  Take 
he  saddler's  horse  to  pieces  by  unscrewing  the  screws  in  the  legs,  clamp^ 
knd  rounds ;  pack  them  and  the  saddler's  clamp  in  the  box  under  the 
[river's  seat.  Distribute  the  rest  of  the  load  so  that  the  horse  in  the 
hafts  shall  not  have  too  great  a  weight  on  his  back  and  shall  work  to 
he  best  advantage. 

Care  and  preservation  of  the  forge. — Keep  the  wheels  clean  and  the 
ournals  well  oiled.  See  that  the  oil-cups  always  have  oil  in  them,  Pi^e- 
erve  the  belt  soft  and  pliable  by  oiling  it.  If  it  become  loose  and  slip 
►n  the  pidley,  slacken  the  set-screws  which  hold  the  fan,  in  front  and 
ear  5  draw  the  fan  back  by  means  of  the  tangent  screw  5  tighten  the 
et-8crew8.  Keep  up  just  sufficient  tension  on  the  belt  to  prevent  it  from 
lipping.    Before  fording  a  deep  stream  remove  the  belt  from  the  pidley 
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to  keep  it  from  getting  wet ;  aft-er  passing  the  stream  wipe  the  macbin 
ery  drj^  and  oil  it. 

To  prepare  a  new  belt,  use  thin,  soft  leather;  wet  it  thorougbly, 
stretch  it,  and  nail  it  to  a  board  till  dry.  Sew  the  ends  together  after  it 
has  been  cut  to  the  proper  length.    Oil  it  well. 


DIMENSIONS. 

Width  of  track  of  wheels G2 

Whole  length  of  axle «$.« 

Width  of  body 47 

Length  of  body , 66 

Length  of  cart,  including  shafts 154 

Height  of  wheel > 57 

WEIGHTS. 

Poandk 

One  wheel lOf" 

Shafts  (lM>th) 47 

Anvil-block  and  base 106 

Forge,  hood,  &c Ite 

Tool- box,  empty K 

Coal-box,  empty 63 

Coal-box,  filled  with  coal 22B 

Sa<ldler's  box 44 

Whiflietm- 4 

Tuyere  ..• 4 

Anvil  base 7.o 

Cart  (complete),  empty 1,075 
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APPENDIX  U. 

SWOLLEN  BARRELS  IN  SERVICE  SMALL-ARMS. 

Indorgement  upon  a  letter  written  by  Capt  J.  H.  JSmithj  Nineteenth  In/an* 
try,  U.  8.  Army,  to  the  Ghirf  of  Ordnance,  wider  date  of  August  12, 
1879. 

National  Armory,  September  6, 1879. 

Respectfully  returned  to  tlie  Chief  of  Ordnance. 

Every  rifle  and  carbine  made  at  this  armory  is  fired  at  le>ast  five  times 
with  the  service  cartridge  besides  three  proof  charges*,  viz:  280,  250, 
and  80  grains  of  powder  and  a  hea^'7  bullet,  respectively.  There  have 
besides  been  many  thousand  cai-tridges  fired  in  testing  experimental 
gans  smd  cartridges.  In  all  more  than  1,000,000  of  cartridges  have 
been  fired  since  1870,  and  in  no  instance,  so  far  as  can  be  ascertained, 
has  there  ever  occurred  the  bursting  or  swelling  of  a  barrel  at  or  near 
the  muzzle.  From  these  facts  I  think  it  may  be  safely  inferred  that  a 
swollen  or  burst  muzzle  in  service  must  result  from  some  obstruction.    . 

A  report  of  a  trial  made  by  Captain  Greer  at  this  armory,  herewith 
inclosed,  shows  the  effect  of  firing  the  service  rifle  with  different  kinds 
of  obstnictions  placed  in  the  bore  at  the  muzzle. 

J.  G.  BENTON, 
Colonel  Ordnance,  Commanding, 


National  armory, 
Springfield,  Ma^s.,  September  5, 1879. 

Sir  :  In  accordance  with  your  instructions  to  ascertain,  if  practicable, 
from  what  causes  the  swelling  of  the  muzzle  of  the  service  rifle  results, 
I  have  the  honor  to  submit  the  following  rei>ort :  Two  condemned  barrels 
were  taken  at  random  from  a  lot  tiu*ned  in  from  the  field.  Eight  or  ten 
rounds  were  fired  from  one  of  them,  rags  of  various  sizes  having  been 
inserted  in  the  bore  a  little  below  the  front  sight,  without  affecting  the 
barrel  the  slightest.  Sand  next  having  been  inseiiied  in  the  muzzle,  the 
barrel  was  shaken  so  as  to  remove  all  but  a  few  gi^ains  which  adhered 
to  the  fouling ;  the  piece  was  then  fired.  This  was  repeated  several 
times  without  swelling  the  muzzle.  The  barrel  was  then  run  into  wet 
sand  and  the  bore  nearly  filled  for  about  an  inch  and  a  half.  After  fir- 
ing in  this  condition  the  barrel  was  found  swelled  at  the  muzzle  precisely 
like  those  that  have  been  received  from  time  to  time  from  the  field.  Sev- 
eral pine  plugs,  fr'om  six  to  eight  inches  in  length,  were  then  prepared 
of  a  size  to  fit  the  bore  closely.  The  second  barrel  was  fired  twice  with 
the  plugs  driven  in  dry  about  one-half  their  length,  twice  driven  in  wet, 
and  twice  driven  in  dry,  but  afterward  swelledby  steam  both  inside  and 
outside,  without  injuiy  to  the  barrel.  •  The  inclosed  air  probably  forced 
the  plugs  out  before  the  bullet  reached  them.  A  plug  was  then  split  in 
two  to  represent  a  broken  tompion,  the  air  being  free  to  pass  by  the  plug. 
It  was  thought  the  bullet  might  wedge  on  the  remaining  side  of  the 
plug,  but  the  barrel  was  found  uninjured  after  the  shot  was  fired.  Occa- 
sionally the  cup-anvil  of  the  Frankford  service  shell  has  been  found  in  the 
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barrel  after  fii-iug.  It  was  thought  possible  that  one  of  these  might  be- 
come wedged  in  the  barrel  and  cause  the  swelling.  To  test  this  question 
an  anvil  was  driven  down  squarely  across  the  barrel,  just  opposite  the 
front  sight.  The  piece  was  then  fired  without  injury  to  the  barrel.  A 
second  anvil  was  driven  down  to  the  same  position,  but  obliquely  to  t^e 
axis  of  the  bore.  No  damage  resulted  from  the  firing.  A  long  wad  of 
cotton-waste  was  then  wet  and  rolled  into  a  spiral  and  foiX5ed  down  the 
baiTcl  several  inches  by  the  ramrod.  The  piece  was  then  fired,  when 
the  barrel  was  found  swelled  a  little  beyond  the  wad,  which  was  proba- 
bly carried  forward  a  few  inches  before  the  bullet  wedged  ujwn  it 

It  would  seem  from  these  trials  that  swelling  at  the  muzzle  is  caused 
chiefly  by  sand  at  that  point,  rags,  &c.,  being  blown  out ;  but  that  rags 
lower  down  may  cause  a  swelling  at  some  point  between  their  position 
and  the  muzzle ;  that  the  use  of  tompions  is  less  hurtful  than  heretofore 
supposed;  and,  finally,  that  swelling,  not  being  easily  produced,  is  the 
result  of  negligence  in  not  seeing  that  the  bore  is  free  from  obstructions. 
•Very  respectfully,  your  obedient  servant, 

JOHN  E.  GREER, 
Captain  of  Ordnance^  U,  8.  A, 

To  the  CoiMANDiNa  Officer, 

Xa f tonal  A rmory. 


APPENDIX  V. 


REPORTS  ON  INDIAN  ARMS. 

Capt.  Joiix  E.  Gkkkk.  T^ieutK.  I).  A.  Lyle  and  RooEiia  Birxik,  jr.,  Orduanct'Dopartjumt.  and  Moater 

Ma<'hini»t  8.  W.  PoRTKU,  National  Annory. 

(Ten  plates.) 

National  Armory,  Springfield^  Mms.^  July  27,  1879. 

Of  the  large  iiuuiber  of  arms  received  at  this  armory  from  the  various 
Indian  agencies,  the  larger  portion  of  which  were  muzzle-loaders — some 
even  ha^^ng  Hint-locks — foiu*  were  turned  over  to  the  board  as  being 
either  the  most  powerful  or  the  most  rapid  firing  guns  in  the  collection. 

These  were  as  follows : 

No.  1. — Shaii)'s  breech-loading  target  ritie,  cal.  .44,  center  fire;  old 
model;  set  tngger.  Weight  of  gini  12  pounds  12  ounces;  tip-stock 
parti}' gone;  original  weight  probably  13  pounds.  Barrel  heavy,  octag- 
onal; length  30  inches.  Chamber  bottle  shaped;  number  of  grooves,  6. 
Twist  of  ritiing  uniform ;  riHiugfrce<l  out  1  }^  inches  beyond  shell  chamber. 
Rear  sight,  *'  buckhom ;"  slide  on  loaf  so  loose  as  to  indicate  that  it  could 
not  have  been  used.  Froiit  sight  bright  but  rough ;  probably  made  from 
a  silver  quarter-dollar. 

No.  2. — Same  as  above,  except  that  the  barrel  wius  but  22.0  inches  long ; 
weight  0  p<mnds  G  ounces.  Rear  sight  in  good  condition ;  front  sight 
so  loose  as  to  allect  accuracy  of  fire  unless  great  care  was  used. 

A  ca^t  in  snlphnr  having  ])een  taken  of  the  chambers  of  these  guns, 
it  was  found  the  ammunition  required  was  that  known  as  '' Sharp's  long 
range."  Weight  of  powder  77  grains;  weight  of  ball,  patched  or 
gi-ooved,  470  grains. 

No.  3. — Winchester  rei)eating  (17  shot)  ritie^  cal.  .44;  dm  fire;  model 
ISiH),     Octagonal  barrel ;  length  24  inches.     Weight  of  rifle  0  pounds. 

No.  4. — Same  in  all  respects  as  No.  3.  Rear  sight  leaf  broken  off. 
Aunnunition  :  weight  of  powder  20  giains;  weight  of  ball  202  grains. 

The  ammunition  for  all  these  guns  was  purchased  at  the  Winchester 
Repeating  Arms  Company's  Armory,  New^  Haven,  Connecticut. 

The  barrels  of  these  guns  having  be<'n  thoroughly  cleaned  were  exam- 
ined and  found  to  be  in  good  order. 

On  account  of  the  small  charge  carried  by  the  Winchester  repeater 
it  was  tested  in  comparison  with  the  Springfield  carbine  for  accuracy, 
rapidity  and  accuracy  combined,  power — as  shown  both  by  penetration 
in  white  pine  and  computed  energies — and  initial  velocity.  Similar 
comparisons  were  made  between  the  Sharp's  and  Sjmngfield  rifles. 

The  re^snlts  are  given  in  tlie  following  tables : 


Ami. 


1.    Weight^,  ,H'. 


Weight  of  ami. 


Springfit'ld  rifli* 

SnanTs  rifle.  No.  1 

Sharp's  rifle,  No.  2 

ttoriiigfleld  carbiiie 

WiDcBctfiter  repeating  rifle 


9  poimcls, 
12  pounds, 
9  poandH, 
7  pounds, 
9  ponndg. 


2  ounces. 
12  ounces. 

6  ounces . 
12  ounces. 


Length  of 
barrel. 


Inches. 
32.6 
30 

22.9 
22 
24 


Weight  of 
powder- 
charge. 


Otains. 
70 
TJ 
77 
55 
26 


Weight  of 
Imll. 


Grains. 
405 
470 
470 
405 
202 


*JWi 
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'2a.  Atvaravy. 


Arm. 


Springfield  rifie 

Sharp's  rifle.  No.  1* 

Sharp's  rifle,  No  2t 

Springfield  carbine 

Winchester  rep(^atiug  rifle . 


300  yanls.    |    500  yards.       600  yards.       800  yards.     l.OOtt  yar^ 


o.  3   9. 4  10. 8 

10.7   8.813.9 

I  

9.910.214.2 


r».5  2.3   6    ; ...    15..'> 


7.3 


7.1|  .'i.2   8.  H  ... 

'  -  -    I 


.12.4  15 


. ...  13.  2  15.  520.  3   d.  3  19,33bi» 
. ...  18.527.8:G.422.3  T.7S-: 
...  39.2   8.5  40.1  14.330.2^' 
1<.1 .. ..|.. 

ii».:» ..    ... 


*  One  shot  at  1,000  yards  niistM^l  target  twelve  feet  siiuare. 

t  One  shot  at  500.  six  at  800,  and  fonr  at  1.000  yards  misseil  the  target. 

2b.  Ad'uracy. 
(As  recorded  by  Creedmoor  system.) 


Ann. 


300  yanls.     500  yards. 


PosaibleSO.  Po.ssible  50. 


Springfield  rifle 

Sharp^s  rifle,  No.  1 

Sharp's  rifle,  No.  2 

Springfield  carbine 

Winchester  repeating  rifle. 


44 

38 
32 


44 

39 


600  yartls.      800  yards.  ;  l,OuO  ytf4 


PoBsibleSO.  Possible  50.  pQMibfe  Si 


38 

23 
•> 


33 
4 

9 


38 
23 


3.  Rapidity  mth  <iccuracy. 


.Vrui. 


Springfield  ritie 

Sharp's  rifle,  No.  1 

Shiu-p's  rifle.  No.  2 

Springfield  carbine 

Wincnest^^r  repeating  ritie. 


200  yards  range. — Creedmoor  record. 


Number  of ;  Numlx^r  of 
shots  in  one  |  shota  in  two 
minute.         i    minutes. 


1.^ 
12 
10 


29 
33 


Number  of 
hits;  target 
12  ft.  square. 


Number     of    Number  f» 
points.  ftible. 


15 
11 
10 
29 
33 


3.". 
20 
17 
78 
57 


1 J 

60 

50 

145 

16.^ 


The  Winchester  magazine— -ca)»acitv  17  cartridges — was  loaded  before  cununeucemeut  o£  test.    Ill 
other  cartridges  were  disposed  at  will  on  u  table, 

\.   Pimtration, 


2lH)  yards. 

Ann. 

Menu  of  5  shots. 

Sprini^^eld  rifle i  iuches  in  white  pine. 

Sharp's  rifle,  No.  1 i  iuches  in  white  pine. 

Sharp's  rifle,  No.  2  ,  inches  in  white  pine. 

Springfield  carbine  10.  65  inches  in  white  pine. 

Winchester  repeating  rifle 5.  05  inches  in  white  pine 


30t)  yards. 


Mean  of  5  shots. 


12.  65  inches  in  white  pise 
16. 37  iuches  in  white  pine- 
15.  25  inchei*  in  white  pine 

inchea  in  white  pin* 

inches  in  white  jmiw 
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5.    relociiies. 


Atbi. 


tprbfj^eld  rifle 


Mean. 


Mean  by  both  machines 
niarp'srife.  No.  1 


Mean. 


Mean  by  both  machines 
harp's  rifle,  No.  2 


Mean. 


Mean  by  both  machiuoB 


E^Hngfield  carbine. 


Mean. 


Mean  by  both  machiues 


Incbeater  repeating  rifle. 


Mean. 


Mean  by  both  machines 


o 

00 


o 
525 


Velocities  by — 


1 
2 
3 
4 
5 


1 
2 
3 

4 
5 


1 

o 

3 
4 

5 


1 
o 

3 
4 
5 


Le  Bonlong6 
chronograph. 


1336.2 
1339.7 
1353.4 
1335.7 
1349.5 

1342.9 


Benton's  elec- 
tro-baUistic. 


1389.4 
1345.3 
1354.2 
1339. 4 
1354.1 


1346.^ 


1344.  r 


1 

1243.1 

2 

1244.6 

3 

1258.3 

4 

1263.7 

5 

1243.1 

'  1247. 9 

1245. 4 

1263.  2 
I  Wire  not  cut. 

1245.4 


1250.7 


1250.5 


1250.6 


1192.7 
1210.  3 
1184.8 
1200.  5 
1184.8 


1194.6 


1199.9 
"Wire  not  cut. 
1191. 1 
1199. 9 
1191. 1 

1195. 4 


1195 


1128.  5 
Wire  not  cut. 
ll.'W.  9 
1110.8 
1128.0 


1128.9 
1128.9 
1135. 1 
1116.  5 
1128.9 


112.\  3 


1127.  7 


1126.  5 


1 

1181.4 
1171. 1 
1166.2 
1148.6 
1164.2 

1183.4 
1172. 1 
1167.  5 
1150.0 
1165.  2 

1166.  3 

1167.6 

1167 


Arm. 


ringfiold  rifle 

arp^s  rifle,  No.  1 

ari>'»  rifle,  No.  2 

ringtieUl  carbine 

inche»ter  repeating  rifle  . 


G.  Energies, 


«M 

tM 

^  u 

c 

At  muzzle. 

•—    ZJ 

*^ 

.a-r 

j==: 

3-f 

tl  SS 

.    _ 

«  2 

Velocity.'       Energy 

At  300  vard.s. 


Grains.]  Grains. 
70  I        405 
77  470 

77  470 

55  40.'. 

26  202 


Feet. 

i:{44.  7 
12.J0.  6 
1195 
1126.  5 
1167 


20  ORD 


'  InHtnimeutal. 


Fi.j)onniU.\ 
1626.  5 
1633.  7 
1490.  7 
1141.5 
611 


t  Computed. 


Veloc'ity.t 


Feet. 
923.  0 
929.4 
899.6 
820.6 
671.2 


Energy. 


Ft.-po%mds. 
769.9 
901.7 
844.7 
605.  8 
202.1 


\ 
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Table  V. 


Sharpie  carbines  (using  metaJUc  ammunitian). 


No. 

Caliber. 

// 

1 

.52 

2 

.52 

3 

.52 

4 

.52 

5 

.52 

6 

.52 

7 

.52 

8 

.50 

0 

.52 

10 

.52 

n 

.54 

12 

.54 

13 

.54 

Breech  system 
i  n  working 
order  or  not. 


Yes... 
No.... 

do 

Yes... 
. ...do  . 

do  . 

do  . 


Yes 

No.. 

Yes. 

No.. 


Condition  of  stock. 


Remarks. 


Bntt-stock  broken 

AVom '  Tang  broken  ;  new  sight  put  on- 
Broken  tip-stock I 

Woni ' 

—  do    ,  Side-screw  gone. 

—  do I  Side-plate  and  screw  gone ;  front  sight  pot  ia. 

do I  Leaf  broken. 

Batt-plate.  leaf,  and  band  gone ;  new  frantsi|iit 

Worn Rifle ;  butt-plate  gone. 

No  stock ;  Rifle ;  lock  gone ;  copper  fW»nt  sight. 

Worn Uses  paper  cartridges,  No.  17,436. 

, do Do. 

Carbine  ;  band  gone ;  uses  paper  cartridge 


Table  VI. 


Miscellaneous  cnrlnnes  and  riflvs. 


X 

c 

1 
1 

^1 

t 

o 

No. 

Kind   of 
arm. 

1 

Cali- 
ber. 

00  o 

*  e 

Condition  of 
stock. 

Farts  missing. 

Remarks. 

2^S 

c 

« 

1     5 

1 

1 
Warner 

It 
.50 

No 

Worn 

Butt-i)late 

' 

2 

....do 

....do 

.50 
.50 

. .  do  ... 
. .  do  ... 

Broken  at  small . 
Side  broken 

1 

3 

' 

4 

Joslyn 

.54 

. .  do  ... 

Fair 

Butt -plate 

Metallic. 

No.  11601,  new  barrel 

5 

do ; 

.54 

Fair  . . 

do 

...do 

6 

....do 

Starr 

.54 
.54 

No ... . 

do 

...do.... 
Paper . . . 
...ao 

7 

.  .do  . . . 

Worn 

8 

...do 

.54 

..do  . . . 

No  butt-stock. .. 

0 

...do 

F,  Wesson  ' 

.54 
.42 

. . do  . . . 

. . .(  0  . . . . 

10 

Yes  . . . 

Fair 

Metallic. 

No.  7037,  octagonal  bar 

' 

rel. 

11 

....do 

,42 

. .  do 

Bi-okeu 

Butt-stock 

...do 

No.  3752. 

12 

do 

.42 

..do  — 

do 

do 

...  do 

No.  2186,  side  plate  nme. 
No.  4079,  guard  brokea. 

18 

do 

.35 

. . do  ... 

do 

do 

..  .do 

14 

Remington 

.50 

Fair  .. 

.  — do 

Butt-plate     and 
tip-stock. 

...do  ... 

15 

do 

.50 

No ... . 

Stock,  rear  sight 

...  do 

Barrel  burst:  rifle. 

16 

Gallager . . , 
Merrill... 

.52 

Yes  . . . 

Fair 

Paper . . . 

17 

.52 

No.... 

Worn 

...CO 

18 

Smith 

.50 

Yes . . . 

....do 

...CO 

19 

Ballard...! 

.50 

No ... . 

do 

Metallic. 

Rifle :  mainspringbroke. 

20 

. . . .do  ..... 

.42 

-.do  ... 

Broken 

...do 

No.  14424;    mainsprins 
and  tip-stock  broken. 

1 

21 

..  ..do ! 

1 

.42 

Yes . . . 

Badly  worn 

\ 

...  do 

Rifle  cut  down. 
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Table  VIII. 
Revohera  (using  percussion  caps). 


Kind  of  arm. 


Cult's  dragoon 
Colt" 8  navy  — 

. .  do 

Colt's  dragoon 
..  do....  .... 

do 

. .  do 

...do 

...do 

...do 

..  -do 

..do 

...do  

— do 

do 

do 

do 

do 


— do 

Colt's  nary  . . . 
Colt's  dragoon 

— do 

— do 

— do 

—  do 

— do 

....do 


Colt's  navy  — 

...  <lo 

Colt's  dragoon 

— do , 

....do 

— do 

do 

...do 

. .  do 

..  do . 

. .  .do , 

- .  do , 

...do , 

Colts  navy 

Colt's  dragoon 

—  <lo 

—  do 

...do 

— do 

R«?mington  — 

-•-do 

-do....' 

•  ■ .  <lo 

•  - .  do 

.-do 


•a 


--«lo 

-  -  do 

-  -do 

•  do 

•  -do 

-  -do 

-  -do 
'  -do 
'  -do 
'  -do 
~  -do 
«  .do 
^  do 
«   do 

«.do 
—  .do 
«..do 

•  '-.do 


// 

.44 
.36 
.38 
.44 
.44 
.44 
.44 
.44 
.44 
.44 
.44 
.44 
.44 
.44 
.44 
.44 
.44 
.44 

.44 
.36 
.44 
.44 
.44 
.44 
.44 
.44 
.44 

.36 
.36 
.42 
.44 
.44 
.44 
.44 
.44 
.44 
.44 
.44 
.44 
.44 
.36 
.44 
.44 
.42 
.44 
.44 
.44 
.44 
.44 
.36 
.44 
.44 

.44 

.36 
.44 
.44 
.44 
.36 
.44 
.44 
.44 
.44 
.44 
.44 
.44 
.44 
.44 
.44 
.44 
.44 


Mochanisui 

in  work- 
ing order  or 
not. 


Condition  of 
stock. 


Fair Worn . 

No do  . 

Fair do  . 

Hard do  . 

Fair do 

Hard do 

No do 

...do Bad... 

Fair Worn 


do 

...do 

do 

do 

Yes  . 
...do 
No  .. 
Fair  . 
No  .. 


.do 
do 
.do 
do 
do 
do 
do 
do 
.do 


Fair do  ... 

No do  ... 

do  .• do  . .. 

do do  ... 

Fair do  ... 

do do  . .. 

No Cracketl 

do Worn  . . 

do do  ... 


Fair 

—  do 

No 

. . .  do 

Fair 

No 

..  do 

Fair 

...do 

No 

do 

Fair 

...do 

<lo 

...do 

do 

No 

Fair 

do 

do 

do Broken 

Hani ... do 

Fair do 

No do 

With    diffi-    ..-.do 

cnlty. 

Fair  . '. Broken  and 

woni. 
No Worn  


do 

.do 

.do 

do 

-do 

do 

do 

.do 

do 

do 

.do 

do 

.do 

do 

.do 

do 

.do 

do 

do 

do 


do  . 

Fair., 

No... 
do  . 

Fair  .. 

No  ... 

Fair  . . 
do  . 

No.... 
. . .  .do  . 

Fair . . 

do  , 

do 

do  . 

No.... 

Fair  . . 


.do 
.do 
.do 
.do 
.do 
.do 

do 
.do 
.do 

do 

do 
.do 

do 
.do 
.do 

do 


Parts  miss- 
ing. 


Remarks. 


Kamrod. 


Parts  broken. 


Parts  broken. 

Stock  and  goard  looser 


Screws 

Kamrod 

Kamrod  and 

screws. 
...do 


Kamrod . 


Base-pin  . . . 
Kamrod  and 
lever. 


Frame-sci'fiw 
Lever-catch . 


Key-pin 

Screws  .   ... 


Lever-catch . 


Works  loosely. 
Useless. 
Cylinder  loose. 


Ivory  handle. 


Badly  damaged. 


Works  loosely. 


Frame  broken. 
Kusted  badly. 
Kusty. 
Loose. 


Dowel  broken. 
Tied  together. 

Spring  broken. 


Lever-stud . . 
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Table  VIII— Continaed. 
Revolvers  {usinff  percussion  caps) — Contiuued. 


t^ 

1 

Mechanism 

a 

Kind  of  arm. 

1 

:  in  work- 
ing order  or 

Condition  of 
stock. 

Parts  miss- 
inc. 

Bemarkft. 

! 

'c3 

not. 

'A 

O 

71 

I 

Remington 

.40 

No 

Broken 

72 

...do 

.44 

do 

Worn 

Catcli 

73 

...  do 

.44 

Fair 

do 

74 

do 

.44 

No 

do 

Catch 

75 

1    ...do 

.44 

....do 

do 

76 

do 

.44 

....do 

.  ...do 

77 

.44 

do 

.  ...do 

78 

do  ..'. 

.44 

Fair 

do 

79 

.-..do 

.44 

do 

do 

80 

do 

.44 

No 

do 

Broken. 

81 

do 

.44 

do 

do 

82 

do 

.44 

do 

do 

Can  be  turned  by  haai 

83 

Colt 

.37 

Fair 

1 do 

84 

do 

.37 

...do 

'....do 

85 

1 do 

.37 

No 

do 

Mainspring  broken. 

8C 

do 

.37 

Fair 

do 

87 

Colt's  army 

Colt 

.45 

Xo 

Stock 

Metallic  c^irtridges. 

88 

.37 

do 

Worn 

89 

do 

.37 

Fair 

do 

90 

L...do 

.37 

...do 

do 

91 

do 

.37 

do 

do 

• 

92 

...  do 

.37 

Hani 

do 

Lever-catch. 

93 

do 

.37 

Fair 

\ do 

94 

do 

.37 

do 

...do  

95 

do 

do 

.36 
.37 

...do    ..   .    . 

Stock     .   . 

Burned.. 

9<3 

Xo 

Worn 

Lever-catch 

97 

. . .  .do  ...... ...... 

.37 
.37 

Fair 

...do 

do 

do 

98 

....do 

99 

do 

.37 

No  

do 

Biise-pin  loose. 

100 

do 

.37 

..do 

1 do 

101 

...do    

.37 

...do  

do 

Lever-catch . 

Mainspring  broken. 

102 

....do 

.37 

Fair 

do 

1 

Xiokel -plated:   barrel  bi 
at  muzzle. 

103 

do 

.37 

No 

do 

104 

do 

.44 

do 

1 

SttK-k     and 
frame. 

105 

do 

.37 

Fair 

'  Worn 

Frame-screw 

106 

do 

.37 

Hard 

1 do 

Lever-cAtch . 

107 

...do 

.37 

Fair 

do 

108 

do 

.44 

do 

do 

109 

do 

.44 

.  -  do 

...  do 

m 

110 

Starr  Arms  Com- 
pany, N.  Y, 

.44 

..do 

....do 

111 

....do 

.44 

...do 

do 

Lever-catch . 

112 

do 

.44 

Xo 

Broken 

113 

....do 

.44 

Fair 

Wora 

114 

Pettiugill 

.44 

—  do 

do 

Double-action  "self-coci 

115 

Wniituey 

.37 

No 

....do  

Lover-catch . 

116 

....do..' 

.37 

do 

do 

117 

do 1 

.37 

Fair 

...do  

Nickel  plated. 

118 

do 

.37 

do 

do 

Lever-catch . 

Do. 

119 

...do  

.37 

Xo 

<lo 

120 

Manhattan 

.36 

Fair 

...do  

121 

Savajce  . .   

.36 

Xo 

do 

122 

Komington 

.44 

do 

....do 

CvUnder 

123 

Unknown 

.44 

do 

do 

Badlv  damaged. 

124 

Kemiu^on  pistol . 

1 

.50 

Yes 

...do  

Single-loader ;    metallic 
.    tridge :      Remington 
svstem. 

1?5 

Horse-i)i8tol,  Uni- 
ted States. 

...  .do  ....... 

Good 

Haston  &.  Co.    Middleti 

t 

Conn. 

126 

do 

do 

do 

J.  X.  Johnson.  Middlet< 

Conu. 
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CL.\s,<IFICATIOX. 

Tb*-  aV»ve  arms  may  1^  [»la«:-e-l  in  two  general  cla^s^e?,  viz 

I.  Br*-*-<-h-lo;t<i:n4:  anJ.;^. 
II.  Miizzle-ioa'iim:  anji». 


'  Single  loa<lrr»- 


«-rB-CLASsi  nc  \tiox. 


f  Svrin_"'5»-l«l  car>»iiic,  u>«»<l»  1  l-'TS 

;  ^■.•riuj.r.'  iii  carbine,  nuKlel  1^«»J  (rifles  cut  down 
I  >;'nij_!..  I'l  carbine,  model  l?-^  <  rifles  cut  down 
'  >]TiiijT>  ).i  raibin*',  iD'Hifl  l^Tc  *rifle*cut  down 

**{.:  .i._r.'  M  Alliu  (lirtes  cat  liown) 

>•!;-»:-)•  >  r,ii  bine cal 

•J«»^iMi  «  -trbint- 

F.  W«  s>.»u - cal 

WarH'  r    - 

i;»-uiiiiirt«jn  -  — .--- 


^    4 
it 


,  lit-UiiiiiTi 

(  Kriuin;rton  pLxtol 


.ca. 


I  Sharp')*  rr^rbine  . 

I  SlaiT  «  arbiiie. 

r?i:n::    paper-case    car-  '  Snr.ih  «siibiiie... 
tri<i*:tra.  ]  Gallaiit  r  «  arbine 

Memll  carbine. . 


U^in.'  Tuetallic-tase  car 
tndiit-s. 


.  3tfa^azine  arms.  \ 


Usini:   y»3p<-r- 
t  a  •»  e     c  a  r  - 


( Henry    

I  Winch»>ter - 

I  SjH  liter caL  ".5 

(  C'oU  s  .^Lnny  n-vol ver 

(Colt's  dr.«::«x>n -  ca 

]  Colt  s  navy ca 

K»-njiTii:t«in 

"onipany 


ST»  ,--^1,-    )  >t.irr  Aruia  C« 
^-''^^^    }  Whitn.v    .... 
*''"*•       iMaiiliattan... 


(  IVllni-ill 


r  With  flint  li»cks 


! 


Ritle-» IT.  E.  I>« man.  I^nra.<«ter.  Pa 

,^         .,   ,  OV.  Cham-  &,  Son.  London  .. 


r  Kiilcs 


.  "With  percusiiion  locks. . .  ^ 


f  H.  E.  L»  man.  Liincaster,  Pa..cal.  '..•j^".44-'  .4,' 

'  .5(>-  .51-  .5l*-'.S^ 

J.  P.  Low.r.  Philadelphia.  Pa ca: 

S.  Hawk.n.  Saint  Louis.  Mo   €*al.  ".-k>-".'i: 

J.  H«niv  A:  Son        caL    '.50-  .5i 

H»  iir\'F<»l-4'>ni  A:  Co .._.ca] 

J.  A:  \V.  Watson 

Sweit/er    

J.  (toI.  h'-r     cal 

S|ijini:ii.  Id cal 

^^  P.un  KiiU-  Works   

.'vivai.'f  Kith-  Fire  Anns  Co..  MiddletowTi,  Con 
Mc(ar«ii.  William.-*  S:  Co..  Saint  Lonis,  Mo... 

J.  Shnnl/.<r,  Leavenworth.  Kans 

G.  V.  X  Co..  Cincinnati,  Ohio.. 

(i.  Siianubr A 

I^tiKion  Anns  Company 

Enti.ld   

Tower.  1^^J1 

R.  IVauvais.  Saint  Loui.H,  Mo 

Cnkuowu caL  ".50 


Smooth-bot.  .  I  PX:^: 


TABULAR  STATEMENT. 
Breech-loaders. 

Springfield  carbines,  calil>er  ".45,  mmlel  1673 

Springfield  carbines,  caliber  ". :>()-'  .S,*^,  model  18r>t>-'(>S'-70,  and  Allin 

Henrj'  and  Winebester 

Spencer 

sharp's 

Miscellaneous 

Total 


\ 
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Muzzle-loaders, 

E.  Lcnnau,  Laiicastt>r,  Pji 94 

?.  Lower,  Philacielphia,  Pa  10 

Flawken,  Saint  Louis 6 

Henry  «fc  Son 6 

nrv  FoLsom  &  Co.,  Saint  Louis .  4 

CJolcher 3 

riuglield  (various  models,  &c) 14 

wer,  English 4 

known  j. G 

scellaucous 13 

Total 160 

Herolvem. 

ItH 69 

niington 41 

UT  Amis  Company 4 

litney 5 

scellaneous 4 

Total 123 

Pistols. 

tningtou 1 

rse-pistols »  2 

Total 3 

Becajntulation. 

??ech-loa<lors 124 

izzle-loa<lers t 160 

v'olvt'i-s 123 

ktols 3 

Total 410 


LOADED  ARMS. 


During  the  exaiiiiuatioii  it  was  foiiiKl  that  36  of  the  miizzle-loadiiig: 
es  were  loaded.  These  arms  had  the  charges  of  powder  and  lead 
:efiilly  withdrawn  and  weighed  separately.    The  resulting  weights 


?  given  below: 


1. — Twenty-two  Leman  guns. 


uiuber    of 
charges. 


1 
:{ 

4 

6 

2 
o 

1 

1 


oo 


Chai'gf^s  of  powder. 


Weight   of   each 
charge,  grainn. 


30 
.35 
40 
'lO 
60 
70 
80 
90 
110 


Total  weight, 
graius. 


60 
35 
120 
200 
360 
140 
IW 
90 
110 


1,275 


Charges  of  lead. 

l.t, 

Xiimber    of 

Weight  of  each 

Total  weight, 

charges. 

charge,  graius. 
140 

grams. 

1 

140 

4 

160 

640 

1 

165 

165 

1 

190 

190 

3 

200 

600 

1 

210 

210 

8 

230 

^       1, 840 

1 

235 

235 

1 

2:>o 

250 

1 

260 

200 

22 

4,  .530 

(?rage  weiglit  of  charge  of  ijow^ih'r  =  57.9gr.uns. 
ight  of  luaxiiniim  charge  of  powch'r^llO  grains, 
ight  of  niininiiini  charge  of  i)ow(ler=  30    grains. 


Averaire  weight  of  charge  of  lead  —205.9  grains. 
Weight  of  maximum  charge  of  lead=260  grains. 
Weight  of  minimum  cJiarge  of  lead— 140     graius. 
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2. — Eleven  miscellaneous  gins. 


Charges  of  powder. 


Charges  of  lead. 


Xumber    of  '< 

Weight  of  each 

Total    weight. 

Number    of 

Weight  of  each 

Total  vei^^t 

charges.      ' 

charge,  grains. 

grams. 
30 

charges. 

charge,  grains. 

gTam». 

1 
1           j 

30 

1 

160 

im 

1           ; 

40 

40 

1 

180 

ISO 

•> 

«« 

50 

100 

o 

200 

400 

3           ! 

60 

180 

1 

220 

220 

1 

70 

70 

4 

230 

920 

2 

80 

160 

1 

240 

240 

1 

1 

90 

90 
670 

1 

330 

330 

11           1 

11 

• 

2,456 

Average  weight  of  charge  of  powder  =60.9  grains.  Average  weight  of  charge  of  lead  =222.7  gniu. 
Weightof  maximum  charge  or  powde.r= 90  grains.  Weight  of  maximum  charge  of  lead=33U  gniai- 
Weight  of  minimum  charge  of  powder=30    grains.    Weight  of  minimum  charge  of  lead— 160    graisi 


AMMUNITION. 
{For  breech-loaders,) 


Kind. 


Caliber. 


Rim  fire 

Rim  fire 

Center  fin* 

Pnjier  case,  renter  tire 

Rim  tire 

Do  

Cent<>r  tire ... 

Uuit<Ml  States  renter  tire 

Do 

TTnited  States  renter  tire  carVnue 
Winchester  renter  tiiv  


I  Weight  of  charge. 

Powder.     Lead, 
grains,     grains. 


"  1 

.44     1 

28 

202 

.44 

26 

202 

.44 

23 

202 

.44 

28.  3 

2(10 

.50 

48.6 

351 

.52 

70 

450 

.  .'>4     , 

37 

4.5(5 

.54     ' 

45 

yfjo 

.40 

2M 

220 

.44 

:io 

22«> 

.50 

70 

450 

.45 

70 

405 

.45     t 

.K1 

405 

.45     i 

40 

21H) 

SIGHTS. 

For  what  anii  adapted. 


)•  Henrv  and  Winchester,  model  1*66- 

I      ■ 

S|)eno«'r  carbine,  mmlel  1865. 
Sharps  carlune. 

I)o. 
Joslyu  carbine. 
F.  Wesson. 
Ballard. 

Si»rin::rield.  caliber  ".50. 
Snriu::tield.  caliber  '.45. 
SpriiiLTtield  carbine.  calilwT  ".45. 
A\'ineliest«n"  repeating  ritie,  model  1^7] 


Tlie  front  and  rear  sights  of  this  lot  of  arms  are  various,  and  the  dil 
ferent  tyi)es  have  been  figured  in  the  accoiniianying  plates. 
The  drawings  are  self-explanatory. 


REMARKS. 

'^riiese  captured  -arins  woidd  be  classed  as  '^  unserviceable^  at  an  ai^ 
nal,  though  many  of  them  could  be  usM  by  so  enterprising  an  enemy  a.^ 
the  American  Indian. 

It  will  be  seen  by  a  glance  at  the  foregoing  tables  that  none  of  the 
breech-loaders,  except  the  Springfield  and  Sharp's,  are  of  the  later  cen- 
ter-fire models. 

The  charges  are  uniformly  less  than  the  government  ride  cartridge. 
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Ordnance  Depot,  Tongue  Kiver,  M.  T., 

November  13,  1878. 

Chief  Ordnance  Officer, 

Headquarters  Department  of  Dakota  ^  Saint  Paul^  Minn.: 

Sir:  I  have  the  liouor  to  recommend,  in  order  to  complete  and  render 
more  eff'ective  the  investigation  begun  by  the  Onlnance  Department 
into  the  rehitive  merits  of  the  service  carbine  and  liostile  Indian  arms, 
that  measures  be  taken  to  obtain  an  accurate  knowhMlge  of  the  number, 
manufacture,  model,  and  caliber  of  lire-arms  in  the  hands  of  all  tln^  sav- 
age tribes  of  Indians,  friendly  as  well  as  hostile,  such  as  the  Sioux, 
Cheyenues,  Crows,  Bannocks,  Apaches,  IJtes,  Navajos,  Comanches,  «&c. 
This  information,  together  with  the  reports  wigarding  surrendered  arms, 
would  put  the  department  in  ])os8ession  of  all  necessary  data  concerning 
the  weapons  of  all  tribes  liable  to  take  the  wai'-path,  and  be  of  the  high- 
est value  in  many  ways. 

1  have  no  <loubt  that  this  information  could  be  readily  obtained  by 
department  commanders.  To  this  end  it  would  only  be  necessary  that 
competent  otticers  be  selected  and  ordered  in  an  unostentatious  way  to 
insiM^ct  the  various  cam[)S,  with  careful  instructions  to  avoid  alarming 
and  causing  concealment  of  the  best  arms. 

Complete  statistics  as  thus  obtained  would  aftbnl  the  only  really  satis- 
factory settlement  of  the  moot  question  of  the  comparative  merits  of  the 
service  and  Indian  arnis,  for  the  reason  that  nearly  every  discussion 
regarding  surreiulered  Indian  arms  proceeds  on  the  assuini>tion  that  the 
be^t  have  been  catched.  That  this  question  sliould  be  settled  is  most 
desirable,  in  order  that  the  troo|)s  have  the  a^lvantage  of  a  knowledge 
of  superiority  in  arms,  if  such  be  the  case,  or  better  arms  if  the  converse, 
or,  in  any  event,  that  the  fiicts  be  faced,  always  less  to  be  dreaded  than 
the  exaggerations  of  conjecture. 

I  conceive  that  man^'  ideas  of  the  superiority  of  Indian  arms  are  ac- 
quired in  action,  uncorrected  by  accurate  facts,  a  time  when  to  the  best  of 
men  an  arm  that  has  whizzed  a  bullet  close  to  the  ear  seems  an  excellent 
weapon ;  and  1  feel  convinced,  from  a  consi<ierable  knowledge  of  arms 
carried  by  friendly  Indians  and  surrendered  by  the  hostiles,  that  such 
investigation  would  prove  conclusively  that  any  tribe  fully  armed  with 
even  the  old  cahber  .50  Springtield  carbine  wouhl  be  more  formidable 
than  with  their  present  arms.  That  the  Sioux  and  Cheyennes  have  had 
some  fine  breech-loaders,  giving  color  to  the  opinion  that  they  ai*e  bet- 
ter armed  than  the  cavalry,  is  undoubtedly  true.  The  principal  of  these,, 
the  Sharp's  rifle,  with  its  120-grain  cartridge,  has  tremendous  range  and 
penetration,  and  drifted  into  the  hands  of  tbose  Indians  in  considerable 
number,  either  directly  or  indirectly,  through  the  buffalo  hunters  (with 
whom  it  was  a  favorite)  when  their  employment  was  broken  up  by  the 
diminution  of  the  buffalo  and  by  law.  But  these  and  like  arms  are  com- 
paratively few,  while  a  very  considerable  number  of  muzzle-loaders 
greatly  reduce  the  average  of  Indian  armament  below  that  of  the  troops. 

In  the  knowledge  of  the  kind  of  arms  acquired  by  Indians  a  good  clue 
may  be  found  to  the  source  whence  their  sup[>ly  of  arms  and  ammuni- 
tion is  deriveti,  and  aid  in  detecting  and  preventing  the  illicit  traffic 
known  to  be  carried  on  by  taking  special  precautious  against  such. 

I  further  recommend  that  tbe  collection  of  sUitistics  on  Indian  arms 
be  continued,  in  order  that  the  department  may  keep  thoroughly  i>osted 
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and  that  the  inspections  and  rei>orts  of  Indian  arms  above  reeommeiided 
be  made  annually. 

Very  resiwctfuHv,  vour  obedient  servant, 

J.  W.  POPE, 
Second  Lieutenant  Fifth  Infantry^  A,  0.  0. 


Headquarters  Department  of  Dakota, 

Office  Chief  Ordnance  Officer, 

Saint  Pauly  Minn.j  February  9,  1879. 

To  the  Chief  of  Ordnance, 

Through  Chief  Ordnance  Officer^  Military  Division  of  Misifouri: 

Sir  :  I  have  the  honor  to  inform  yon  that  I  omitted  to  state,  in  my  P^ 
1)011  on  Indian  arms  of  January  22,  the  followinflf  pertinent  circnah 
stance  of  which  1  have  personal  knowledge.  In  July  or  Ang^iist,  1876, 
a  Sioux  warrior  was  killed  near  Powder  River  after  a  very  determined 
resistance. 

The  arm  was  found  to  be  a  Seventh  Cavalry  carbine,  caliber  .45  (taken 
in  the  Little  Big  Horn  fight,  as  I  was  informed  by  the  officers  of  the  regi- 
ment), and  which,  judging  fix)m  its  elaborate  Indian  ornamentation,  hid 
evidently  been  considered  ''  very  good  medicine.''  In  other  words,  the 
buck  had  evidently  been  very  glad  indeed  to  get  it. 
Very  resi>ectfullv,  your  obedient  servant, 

O.  E.  MICHAELIS, 
Captain  of  Ordnance^  Chief  Ordnance  Officer. 


Headquarters  Department  of  Dakota, 

Office  Chief  Ordnance  Officer, 

Saint  Paulj  Minn.^  January  22,  1879. 

To  the  Adjutant-General, 

Department  of  Dakota : 

Sir  :  I  have  the  honor  to  submit,  for  the  consideration  of  the  depart- 
ment commander,  the  following  report,  in  connection  with  eight  grais 
received  from  the  District  of  the  Yellowstone,  under  the  following  in- 
structions : 

Ordnance  Office,  War  Department, 

IVashingtotiy  October  10,  1878. 
The  Chief  Ordnance  Officer, 

Military  Division  of  the  Missouriy  ChicagOj  III. : 

Sir:  At  various  times  during  the  last  few  years,  complaints  have  been  ma*\v>  that 
the  service  carbine  was  inferior  in  range  and  accuracy  to  the  arms  commonly  used  by 
the  hostile  Indians,  and  within  the  last  few  days  the  fact  has  been  stated  tbat  socli 
an  o|>inion  was  prt*valent  in  the  cavalry  troops  now  operating  in  the  Departments  of 
the  Missouri  and  Platte.  The  Chief  of  Ortlnance  wishes  to  examine  thoroughly  into 
this  subject,  and  to  that  end  requests  you  to  procure  a  sample  of  the  Wat  arms  th  e  h»- 
dians  are  known  to  use,  if  possible  one  that  ha»  been  used  by  them,  and  a  small  qiuui* 
tity  of  their  ammunition. 

If  you  succeed  in  getting  an  arm  that  you  are  satisfied  can  bo  considen»d  a  fair  sam- 
ple of  the  best  in  U8t%  of  coui-se  excluding  any  of  the  United  States  service  arms  that 
may  be  in  their  possession,  taken  from  our  troops  or  otherwise  procured,  be  desire* 
you  to  send  it  to  this  oftico  for  examination  and  comparison. 
Respectfully,  your  obedient  servant, 

S.  C.  LYFORD, 

Major  of  Ordnaucf. 
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Headquautkrs  Military  Division  of  the  Missouri, 

Office  Chief  Ordnance  Officer, 

Chicago,  October  12,  1878. 

Respectfully  referre<l  to  the  assistant  adjutant-general  of  the  division,  with  the  re- 
quest that  the  commanding  generals  of  the  Departments  of  Dakota,  the  Platte,  and 
tne  Missouri  be  instructed  to  obtain,  if  possible,  and  forward  to  these  headquarters,  a 
sample  of  the  best  arms  (excluding  the  United  States  service  anus)  the  Indians  are 
known  to  use,  or  one  that  has  been  used  by  them,  and  a  small  quantity  of  their  am- 
munition. 

J.  W.  REILLY, 
Captain  of  Orduancey  Chief  Ordnance  Officer, 

Copy  to  Colonel  Miles,  October  17,  1878  (from  headquarters  Department  of  Dakota), 
who  will  send  to  the  chief  ordnance  officer  at  these  headquarters  all  arms  captured 
from  the  Bannocks,  and  samples  of  the  ammunition  that  may  be  in  his  possession, 
which  have  been  captured  from  Indians,  which  in  his  opinion  are  deemed  fair  samples 
of  the  best  in  use  by  the  Indians. 

Referred  to  chiefordnance  officer.  Department  of  Dakota,  December  16,  1878. 

CLASSIFICATION  OF  THESE  ARMS. 

1.  A  imizzle-loading  squirrel -rifle,  octagonal  barrel,  made  in  Colum 
bus,  Ohio,  by  Seibert ;  caliber  .44. 

2.  A  Shar|ys  rifle,  percussion  lock,  short  barrel,  ante-bellum  model. 

3.  A  Sharp's  carbine,  altered  lock  5  caliber  .50. 

4.  A  Joslyn  carbine,  caliber  .50. 

5.  A  Spencer  carbine,  model  of  1861. 

6.  A  Sharp's  rifle,  government  model ;  caliber  50. 

7.  A  Sharp's  rifle,  short  octagonal  barrel ;  caliber  .44. 

8.  A  Shaq)'8  rifle,  long  octagonal  barrel ;  caliber  .44. 

Nos.  6,  7,  and  8  are  the  only  pieces  deserving  of  further  mention. 

The  Sharp's  rifle,  caliber  .50,  was  fairly  tried  in  the  field  in  comparison 
with  the  Springfield  musket,  caliber  .50,  and  could  not  hold  its  own. 

Nos.  7  and  8  are  Sharp's  rifles  of  a  well-known  type,  with  set  triggers, 
originally  funiishe^l  with  i)eep-sights,  and,  judging  from  the  numbers, 
were  manufactured  about  the  same  time. 

I  am  of  the  opinion  that  the  barrel  of  No.  7,  which  is  lighter  than  that 
of  No.  8,  has  been  shortened. 

The  tine  sights  of  these  guns,  upon  which  their  shooting  at  long  range 
is  supposed  to  depend,  have  been  removed ;  very  coarse  front  sights, 
and  old  model  carbine  rear  sights,  altered  to  buckhorn,  have  been  sub- 
stituted in  an  unworkmanlike  manner. 

These  arms  are  forwarded  by  General  Miles,  as  a  representative  of 
the  armament  of  Indians,  and  I  presume  nmst  be  accepted  as  such, 
with  two  limitations — the  absence  of  Springfield  arms,  excluded  under 
the  oixier,  and  of  Henry  (Winchester)  rifles,  both  of  which  are  used 
whenever  they  can  bt^  obtained. 

In  connection  with  his  Nez  Perces  engagement,  speaking  of  it  and  his 
adversaries.  General  Miles  says :  "  They  have  all  the  enterprise  and  cun- 
ning of  wild  Indians,  and  many  of  the  arts  of  civilized  warfaie.  They 
are  the  best  marksmen  I  have  ever  met,  and  understand  the  use  of  im- 
proved sights  and  the  measurement  of  distiinces ;  they  were  principally 
armed  with  Shari»'s,  Springfield,  and  Uenry  rifles,  and  used  explosive 
bullets." 

The  sample  Nez  Perct\s  Sharp's  rifle  sent  (No.  2)  has  a  set  trigger,  per- 
cussion lock,  and  peep-sight  witliout  scale.  It  certainly  cannot  be  claimed 
that  this  gun  is  comparable  with  the  present  government  arm,  and  it  is 
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an  accepted  fact  that  our  ntaudard  calil>er  outranges  the  rei>eating  gun. 
It  follows,  therefore,  from  General  Miles'  report,  that  the  best  gun  of 
the  l>est  Indian  marksman  he  ever  met,  so  far  as  range  is  concenied,  was 
the  Springfield  ritie. 

During  my  tour  of  service  in  this  department  I  have  never  met  an 
offic<»r,  either  in  the  field  or  at  iK)sts,  and  of  course  as  an  ordnance  officer 
I  took  especial  pains  to  inform  myself,  who  claimeil  that  the  Indian;^,  as 
a  class,  had  longer-ranging  guns  than  our  own  troops. 

As  General  Miles  states  of  the  Nez  Perw's,  the  UvSe  of  fine  sights  and 
the  mcavsurement  of  distances  is  the  result  of  civilization.  The  tjpical 
Indian  is  a  point-blank  marksman.  The  use  of  bright  muzzle  and 
buckhoni  sights  proves  this.  He  steals  upon  his  quarry  and  fires  at  it 
Hence  they  prefer  arms  with  long  dangerous  spaces,  an  attribute  that 
overcomes  the  difficulty  attending  fine  vsighting  and  the  accurate  e^ritima- 
tion  of  <listances. 

The  scouts  at  Fort  Keogh  were  armed  with  Sharp's  giuis,  caliber  .50, 
but  for  this  very  reason,  as  I  believe,  without  knowing  it,  they  asked 
for  tlie  Springfield,  caliber  .45. 

It  seems  to  me  that  there  is  a  periodicity  in  the  claims  and  rumors  con- 
cerning the  arms  of  Indians. 

In  1870,  after  the  battle  of  the  Little  Bighoni,  the  newvspai>er8  were 
filled  with  descriptions  of  the  "  pumping"  guns  of  the  Indians,  and  requi 
sitions  were  made  for  repeating  rifies — arms  that  certainly  could  not 
compete  with  our  caliber  .45  Springfield  rifle  or  carbine. 

An  officer  of  the  Seventh  Cavalry  has  informe<i  me  that  he  saw  Indi- 
ans on  the  banks  of  the  Little  Bighorn  "pwrn/)"  shots  into  our  troops 
stniggling  up  the  oj)posite  bank,  at  a  range  of  fitty  yards. 

Concerning  the  two  close  fights  that  have  taken  i)lace  in  this  depart- 
ment since — the  Big  Hole  and  Snake  River — I  have  never  heaixl  it 
claimed  that  the  Indians  had  longer  range  guns  than  our  own  troops. 
Now,  when  there  have  been  no  close  engagements,  a  lieutenant-colouel 
of  cavalry  writes  to  a  l^niied  States  Senator:  "The  Indian  tribes  on  our 
front iei-s  have  excellent  arms,  and  many  of  our  officei^s  and  soldiers  be 
Ueve  their  range  is  grcat<»r  than  the  arms  used  by  us,'' 

Thoughtful  and  expenenced  captains  of  infantry  have  recommended 
that  one  leaf-sight  be  abolished  and  the  buckhorn  substituted,  for  the 
reason  that  our  soldiers  as  a  class  were  not  reliable  marksmen  beyond 
l>oint-blank  range. 

In  the  hands  of  good  shots  our  gun  has  always  proved  satisfactory. 
I  have  vseen  Capt.  I).  W.  Benham,  of  the  Seventh  Infantry,  now  on  the 
Equipment  Board  in  Washington,  hit  a  tree-stumj)  three  times  in  five 
shots,  stan<ling  and  firing  from  the  shoulder  without  muzzle  rest,  at  a 
distance  of  1,000  yards,  with  caliber  .45  Springfield  i-ifle  taken  at  hap- 
hazard from  his  comjiany  rack.  On  the  Yellowstone,  in  1876,  General 
Terry,  at  a  range  of  4(K)  yards,  with  a  similar  arm  outshot  both  the 
Sharp's  Creedmoor  and  Winchester  guns.  General  Crook  e4irried  a 
Springfield  caliber  .45  rifle  in  the  campaign  of  187(),  and  General  Gib- 
bon always  uses  one,  hunting  and  fighting,  with  buckhorn  sight  and  set 
trigger,  modifications  that  nmy  att'ect  the  accuracy  but  not  the  range  of 
the  weapon.  Keyijohls,  the  guide,  who  was  killed  on  the  Little  Big- 
horn, the  best  shot  in  Dakota,  carried  a  government  gun.  Captain 
Ball,  of  the  Secon<l,  and  Captain  Benteen,  of  the  Seventh  Cavalry,  cer 
taiuly  representative  company  commanders,  have  both  very  recently 
officially  reported  that  they  were  satisfied  with  the  standard  carbine- 
The  same  lieutenant-colonel  already  referred  to,  in  an  official  communi. 
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3ation  of  about  the  same  date  as  bis  letter  to  the  Senator,  writes  as  fol- 
lows of  the  rifle : 

Tlie  rifle,  owing  to  its  length  and  weight,  cannot  be  used  by  a  man  mounted* 
Then,  again,  its  h^igth  and  weight  make  it  too  cumbrous  and  inconvenient.  It  can" 
Dot  be  carried  attached  to  a  sling-belt  slung  across  the  back;  it  is  inaccessible,  and 
causes  delay  in  mounting,  dismounting,  and  getting  into  action.  Again,  if  slung  on 
khe  pommel  of  the  sa<hUe,  it  being  badly  balanced,  would  soon  give  the  animals  sore 
withers  and  backs,  besides  spreading  the  column  greatly. 

So  far  as  this  officer's  opinion  is  concerned,  the  plan  of  arming  cav- 
aby  with  rifles  is  ettectually  disposed  of. 

Oar  carbine  can  safely  use  our  70-grain  cartridge,  and  no  carbine  of 
equal  weight  could  use  a  heavier  charge  without  great  danger  and  in- 
tolerable recoil.  Complaints  have  already  been  made  in  regard  to  the 
severity  of  the  recoil  of  our  present  arms  using  the  standard  cartridge. 
What,  then,  would  be  the  result  were  we  to  increase  the  charge  without 
augmenting  the  weight  f 

The  longest-ranging  Indian  arm  I  have  seen  is  the  octagonal-barreled 
Sharp's  rifle,  a  piece  manifestly  too  heavy  to  be  used  as  a  military  arm. 
If  weight  is  not  objected  to,  an  arm  can  be  made  at  the  National  Arm- 
ory that  will  outrange  any  gun  yet  tried.  Our  rifle  at  1,650  yards,  using 
the  service  ammunition,  will  penetrate  two  inches  of  pine,  and  therefore 
kill.  Is  not  this  enough  for  all  military  purposes  ?  If  we  attempt  to 
accomplish  more  than  this  without  increasing  the  weight  of  the  piece 
the  recoil  becomes  impracticable.  Our  arms  can  now  kill  an  enemy  so 
soon  as  he  becomes  distinctly  visible  to  the  eye,  provided  he  is  hit.  And 
it  is  just  in  this  inability  to  hit  that  the  true  source  of  all  dissatisfaction 
with  our  standard  arms  as  military  weapons  is  to  be  found.  Our  soldiers 
as  a  class  are  not  skillful  marksmen. 

The  disjointed  system  we  call  ''  target  practice,"  so  far  as  my  observa- 
tion goes,  does  very  little  good  in  improving  our  men.  I  know  of  one 
regiment  of  cavalry  where  no  so-called  "target  practice"  has  taken 
place  for  a  year  past.  I  do  not  mean  to  be  understood  that  this  was 
owing  to  any  neglect;  it  was  probably  due  to  the  varied  duties  the  men 
were  called  upon  to  perform.  Still,  the  fact  remains  that  while  the  com- . 
[miiies  were  in  garrison  nothing  was  done  to  improve  individual  marks- 
manship. 

Where  target  practice  does  occur,  men  fire  at  known  ranges  of  100 
and  200  yards.  This  is  really  an  aiming  and  firing  drill,  a  relic  of  the 
military  epoch  where  heavy  line  firing  at  known  intervals  was  the  custom. 

Our  fighting  now  is  extended  skirmishing,  and  men  should  be  taught, 
what  I  deem  the  most  important  attribute  of  a  military  marksman,  the 
just  estimation  of  distances.  This,  our  present  practice,  founded,  I  be- 
lieve, ui)on  the  Wimbledon  system,  does  not  do. 

Wimbledon,  or  our  Creedmoor,  produces  fine  dilettanti  shots,  men 
who  at  extraordinar}^  known  ranges,  by  assuming  positions  impractica- 
ble, from  a  military  staml point,  can  make  any  number  of  successive 
bulls-eyes.  This,  however,  is  not  military  practice.  Our  soldiers  should 
be  taught  to  shoot  as  Captain  Benham  does — to  estimate  correctly,  the 
distance  of  the  object,  and  then  to  hit  it  by  fair  firing  from  the  shoulder. 

As  I  have  repeatedly  recommended,  we  need  a  thorough  system  of 
target  practice.  Men  should  be  taught  the  relative 'sizes  of  objects,  apt" 
to  be  seen  in  the  field,  at  varying  distances ;  the  Le  Bouleng^  field  and 
musket  telemeters,  and  no  simpler  distance  measurer  can  be  desired, 
should  be  generally  introduced. 

If  this  to  done,  and  the  target  allowance  be  honestly  expended  in  tar- 
get practice,  our  men  will  become  good  shots,  and  these  periodically  re- 
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curring  animadversions  upon  the  ^'shooting''  qualities  of  our  arms  will 
cease. 

I  inclose  a  communication  from  Lieut.  J.  W.  Pope,  Fifth  Infantry,  act- 
ing ordnance  officer  in  charge  of  the  Tongue  River  Depot,  upon  the 
subject  of  Indian  armament,  to  which  I  invite  especial  attention. 
Verv  respectfully,  your  obedient  servant, 

O.  E.  MICHAELIS, 
Captain  of  Ordnance^  Chief  Ordnance  Officer, 


Headquarters  Military  Division  of  Missouri, 

Office  of  Chief  Ordnance  Officer, 

Chicago,  June  26,  1879. 
Chief  of  Ordnance,  U.  8.  A., 

Washington,  D.  C 

Sir  :  Replying  to  your  letter  to  me  of  October  10,  1878,  which  is  in- 
closed, I  have  the  honor  to  state  that  it  wa«  referred  by  me  to  the  as- 
sistant adjutant-general  of  the  division  October  12,  with  request  for 
action,  as  will  be  seen  by  the  indorsement  on  it«  back.  The  Lieutenant 
General  forwarded  copies  of  this  letter  to  tJie  department  commanders, 
requesting  compliance  witli  its  terms.  Up  to  this  date  I  have  received 
the  papers  w  hich  are  appended  and  four  rifles.  The  latter  are  forwarded 
to  you  to-day  by  express. 

The  subject  covers  a  broader  field  than  any  one  officer  can  possibly 
investigate,  and  especially  when  department,  post,  and  regimental  offi- 
cers are  not  heartily  in  acconl  with  its  purpose. 

There  are  also  as  many  opinions  on  the  subject  as  there  are  officers  in 
the  service.  It  would  be  presumption  on  my  part,  therefore,  to  offer  a 
solution  of  the  general  question  of  the  proper  armament  for  cavalry  in 
Indian  warfare. 

Coming  to  the  special  case  of  the  officer  in  the  Department  of  Mis- 
souri, between  certiiin  companies  of  the  Fourth  Cavalry  and  the  Xortli- 
em  Cheyennes,  which  was  the  immediate  cause  of  your  letter,  I  think 
the  papers  appended  will  show  the  general  character  of  the  armament 
of  this  band  at  the  time.  From  these  papers  I  abstract  the  following 
lists: 

Surrendered  by  Cheyennes  to  Captain  Johnaon,  Third  Cavalry^  at  Chadron 

Creek,  Nebr.,  October  24,  1878. 

One  Winchester  rifle.  One  Schofield-Siuith  &  Wesson  revolver. 

One  Sbari)'8  carbine,  caliber  .50.  One  Colt's  revolver,  old  pattern. 

One  S]>encer  carbine.  One  Remington  revolver,  old  pattern. 

One  sliot-gnn,  donble-barreled.  One  borse-pistol,  and 

Nine   muzzle-loading  rifles,   varions  pat-  Fifteen  or  twenty  sets  of  l:»ow9  and  arrows, 
tenis. 

Surrendered  at  Camp  Bobinson  to  Lieutenant  Chase,  Third  Cavahy. 

One  Henr>'  rifle.  One  8i»ringfield  carbine,  aud 

One  Sbarp's  rifle.  Two  unknown  pattenis. 

Three  muzzle-loading  rifles. 

Captured  from  Indians  after  the  outbreak  at  Camp  RoMnson,  giring  indi- 
cation of  long  possession  by  Indians, 

Seven   Springfield   breech-loatU ng  rifles.  One  Colt's  revolver,  caliber  ;36. 

caliber  .50.  One  Colt's  i*evolver,  Navy,  old  pattern. 
One  Springfield  carbine,  caliber  .45.  One  Remington  revolver,  Army,  old  pat- 
Three  Shari)'8  carbines,  caliber  .50.  tern. 
One  Sharp's  rifle  (old  reliable). 
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Surrendered  to  Lieutenant  Clarke^  Second  Cavalry. 

jpringtield  carbineH,  caliber  .45.  Two  Colt's  revolvers,  caliber  .45. 

Springfield  rifles,  caliber  .50.  Two  Smith  &  Wesson  revolvers,  caliber 

Sharp's  rifles,  caliber  .45.  .44. 

iaq)*8  rifle,  caliber  .50.  Five   Colt's  revolvei's,   calibers  .44    and 

iharji's  carbines,  caliber  .50.  .31. 

uzzle-lomling  riiie  (old).  One  Remington  revolver,  caliber  .44. 

Winchester  and   Henry  repeating 

i, 

total  armament,  as  far  as  ascertained,  of  fifty-three  rifles,  carbines, 
tiuskets  of  various  patterns,  seventeen  revolvers  of  various  pat- 
,  and  fifteen  or  twenty  sets  of  bows  and  arrows, 
this  number  there  are : 

jringfield  rifles,  caliber  .50.  Fonr  Sharp's  rifles,  caliber  .45. 

iari?8  rifle.  One  Sharp's  rifle,  caliber  .50. 

larp's  rifle  (old  reliable). 

h  with  proper  charges  of  powder  and  lead  give  a  greater  range 
the  Springfield  carbine  with  its  own  special  cartridge.    I  hardly 

it  just  to  the  command  concerned  in  this  affair  to  exclude  United 
s  service  arms  in  possession  of  the  Indians  in  determining  whether 

was  proper  ground  for  the  x>re vailing  opinion  that  the  Indian  arms 
superior  in  range  and  acciu*acy  to  the  carbine  armament  of  the 
land. 

3  four  rifles  referred  to  as  sent  you  to-day  by  express  are — 
B  Sharp's  rifle,  long. 
e  Sharp's  rifle,  short. 

^  Henry  repeating  rifle  (surrendered  at  Camp  Robinson). 
3  Winchester  repeating  rifle  (sent  from  Fort  Keogh  by  order  of 
rail  Terry). 

ire,  I  believe,  selected  specimens  of  the  best  ai'ms  in  the  posses- 
►f  the  Indians.  As  is  well  known  to  all  acquainted  with  arms,  the 
^  and  Winchester  are  vastly  inferior  in  range  and  accuracy  to  the 
gfield  carbine,  though  these  seem  to  be  preferred  by  the  Indians 
sount  of  their  rapidity  of  fire  to  the  extent  of  the  contents  of  the 
sines,  in  this  respect  offering  some  advantages  in  a  moment  of 

fency  to  a  horseman. 

•  •••••• 

lile  adhering  to  my  reso  lution  not  to  attempt  a  solution  of  the 
r  armament  of  our  cavalry,  I  think  it  is  patent,  and  that  I  should 
it  more  explicitly  here,  that  our  Springfield  carbine,  caliber  .45,  has 
iter  effective  range  and  greater  accuracy  than  any  carbine  made, 
mch  greater  than  the  Winchester  and  Henry  repeating  rifles.  But 
idians  do  possess  a  rijie  here  and  there,  possibly  one  in  ten  of  their 
nent,  that  exceeds  it  in  range  and  accuracy  at  long  range.  To 
ome  this  advantage  the  method  in  use  in  the  Fifth  Cavalry,  giving 
h.  company  five  Springfield  rifles  for  selected  marksmen,  and  in 
Bventh  Cavalry,  giving  ten  rifles  per  company  for  the  same  pur- 

seenis  to  answ^er. 

•  •••••• 

bearing  on  the  question  at  issue,  it  might  be  stated  here  that  aside 
the  companies  ot  the  Fourth  Cavalry  serving  in  the  Department 
jsouri,  which  were  ordered  to  be  armed  with  the  Springfield  rifle, 
'ompanies  K  and  M,  Third  Cavalry,  which  had  been  for  some  time 
ned,  none  of  the  companies  of  cavalry  serving  ii*  this  division  have 
'd  themselves  of  the  permission  granted  by  the  General  of  the 
to  exchange  their  carbines  for  rifles.  The  only  inference  from 
\  that  a  large  majority  of  cavalry  still  have  faith  in  the  carbine. 
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Some  weeks  since  I  ascertained  that  406  surrendered  Indian  (Sioni 
and  Cheyenne)  arms  of  various  patterns  hail  been  in  the  possession  of 
the  depot  quartermaster  at  Cheyenne  for  a  year  or  more.  I  beheve  these 
have  been  sent,  as  requested,  to  the  commanding  officer  of  the  National 
Armory,  and  his  special  knowledge  and  the  facilities  at  his  disposal  will 
enable  him  to  report  upon  their  merits  as  compared  with  the  carbine 
more  definitely  than  I  have  attempted. 

I  have  delayed  forwarding  this  report  in  the  expectation  of  receiving 
the  arms  before  mentioned  as  captured  by  Lieutenant  Clark,  but  they 
have  not  yet  reached  me. 

Very  respectfully,  your  obedient  ser^^ant, 

J.  W.  RE  ILLY, 
Captain  of  Ordnance,  Chief  Ordnance  Offim. 


PLATS  I. 


09 

S 


«i 


% 


PS 


«> 


1 


>*- 


cO- 


fN<- 


3 


>• 
>* 


s 

GD 


X 


10 

QC 


PS 
K 

a. 


X 


9-J 


Appwdix  v.— Baport  of  Gki«f  of  Ordaknc*.  1879. 


PLATE  IL 


X 
H 
H 
X 

< 

< 

.J 


X 


5?; 


s 

H 


■5 

V 


ft. 
X 

*  • 

<< 


< 

5 


?5 
< 


» 


c  - 


-< 

»• , 


X 

< 
-J 

< 


AppM<lix  v.— lUport  of  Chi«f  of  Ordii*nc«.  1879. 


V 

I 

m 


PLATE  III. 


0 

i 

< 

MM 


i 


< 
H 


S 


S 


?5 


D 


•♦- 


C<3  1 


cs.  - 


o  - 


a-i 


▲pfModix  V.~B«port  of  Oliiaf  of  Ordauiec,  1879 


PLATE  IV. 


to 


Q 


e 

H 

C 


in- 


PS 


X 


«-J 


tv-  i 


X 


I   ! 


a-" 


PS 
H 

H 
ft. 


▲ppwdix  v.— Baport  of  (%i«f  of  OrdaMM.  1879. 


PLATE  V. 


a 

PS 
H 


8 
I 


H 

6 

PS 


«o- 


CJ 


01 

9 


■ 

i 

5 


00 

■ 


10 
X 


PS 
P3 


•I 


*»  -t 


a-" 


OD 

;3 


Appndix  v.— B«port  of  Clu«f  of  OrdnuM.  1879. 


3 

:3 


PLATE  VI. 


fl- 


b 

i 


S 


04 


b 


tf 


B 
£ 


10 


ft 
0 

I 


0 

S 


lO  -I 


o  - 


OH 


Apptadiz  v.— Baport  of  dhkr  of  OrdauMo,  1879. 


'•- 


PLATE  VII. 


X 


X 


X 

s 


<^ 

X 

r 


•< 


^  - 


^  -J 


u 

■^ 

Z 


X 


X 


<  I 


Apfwadis  V.— Report  of  ChMf  of  OrdiuAM.  1879. 


J 


PLATE  VII. 


X 


'/. 


X 

< 

X 


r 


1879 


i 


PLATE  VII. 


32 


X 


aa 

•J 


s 


X 


z 

X 


I  I 


„  -1 


I  I 


X 


S 

X 


Appmdis  v.— Report  of  Chief  of  OrdniAO*.  1879. 


\ 


I.* 


PLATE  VIII. 


9 
X 


E 


PS 


C 
X 


5?; 

E 

pi 

Efa 

N 

< 

< 

X 


^,^»n*  ""/X. 


c<* 


.J 

Sh 

s 

>* 

pi 


1; 


2-    ■ 


Apptndix  V. — Report  of  Cbivf  of  OrdiwaM,  1879. 


n 

i  '-M 


Ji. 

!::■ 


I 


PLATE  IV. 


0 

e 


H 
Q 
C 
:6 


H 


c 


>r- 


I  I 


.J( 


^ 


"r 


o-i 


:4 


M 

PS 
H 


AppMdiz  v.— B«|>Oft  of  Chief  of  OrdiiMM.  1879. 


I 


IV 


I 

1 ' 


PLATE  V. 


PS 


O 


-< 
»< 


»:] 
Am 

s 

pi 


5 


41 


«o-, 


>t- 


rt- 


CM  ■ 


01 

90 


8 

O 

V 

OD 


Z 

z 


g 

s 

pa 


o  - 


1 


;3 


Appmdix  v.— R«port  of  Chief  of  OrdiiMico.  1870. 


f    i 


r 


I  :i 


PLATE  VI. 


fl- 


^ 


o 


0 

2 

H 
C 

e 
5 


oc 


b 

i 


0 

3 

0 


<! 


0 

£ 


H 

pa 


71 


CO  -  ; 


CN.  - 


o  -I 


E^O) 


AppwMlu  y^B«po(i  of  Chi^  of  OrdoMot.  1879. 


I 

m 

r 
V 

f 


PLATE  VII. 


Su 
X 


S 

X. 


6m 


X 

a. 

X 


X 


co- 


■N    i      1 


„J 


I      ' 


iZ 

X 


ApfModix  v.— Bcport  of  Chief  of  Ordnuic*,  1879. 


] 


PLATE  VUI. 


X 

i 


c 
c 

PS 


X 


P 

0 


H 

< 
X 


■3 


.f  1 


f) 


^fTx^**""-/^ 


C-4 


2 


s 


'A 

> 

as 


r 

s 


Apf  dii  v.— Etpert  ef  Cluef  of  OrdMa^.  187» 


PLATB  IX. 


/* — 


m 


M 


d 

i 


a 

H 
X 


z 


•i 


C>«- 


s 

a 

X 


C  J 


Apptadix  v.— B«poK  of  Cki«f  of  OrdiuuiM.  1879. 


§ 


I 

1 


! 


m 


APPENDIX  W. 

REPORTS  ON  MULTIBALL  CARTRIDGES  FOR  SMALL-ARMS. 

Mja^.  J.  M.  Whittemore,  Capt«.  E.  M.  Wkight  and  J.  E.  GttRER.  and  Lieut«.  R.  BiBNiK,  Jr..  and 

C.  C.  MuRBiBOX,  Ordnance  Department. 

(Forty-four  plates.) 

pRANKPORD  Arsenal,  Pa., 

June  13, 1878. 
rhe  CoMMANDiNa  Officer, 

Frankford  Arsenal : 

Sir:  I  have  the  honor  to  make  the  followiog  report: 

It  has  for  some  time  seemed  to  me  that  great  accuracy  and  lopg  range 

IX    military  fire-arm^  have  been  sought  after  by  everybody,  while  too 

ittle  attention  has  been  paid  to  destructiveness  at  short  distances.    The 

result  of  this  has  been  the  almost  universal  demand  for  the  magazine 

^Vith  a  view  of  increasing  the  eflBciency  of  our  present  ser\ice  arms 
*t  comparatively  short  ranges,  I  have  invented  a  buckshot  or  three-ball 
cartridge,  the  experiments  with  which  show  results  sufficiently  satisfac- 
tory to,  at  least,  be  worthy  of  record. 

^^J  good  breech-loader  can  be  flred,  with  deliberate  aim,  over  five 
times  a  minute.  In  tests  for  rapidity  of  fire  the  Springfield  rifle  has 
t>^eii  fired  twenty-three  times  a  minute,  loading  from  the  cartridge-box. 

Kow,  any  one  accustomed  to  firing  knows  how  deliberate  the  aim 
^Uj^t  be  to  be  effective,  even  at  one  or  two  hundred  yarcjs.  He  also 
^Hows  that  it  is  the  time  required  to  aim^  and  not  so  much  the  time  to  loadj 
^^t  determines  the  rapidity  of  effective  fire  with  the  modern  breech-loader. 

In  the  Army  and  Navy  Jounial,  dated  May  25,  the  following  appears: 

.^^cent  official  RuBsinn  reports  sliow  that  only  16f  per  cent,  of  an  active  anuy  are 
**l^d  or  wounded  during  a  long  and  excei)tionaliy  sanguinary  war.  The  value  of  the 
^^^e-finder  is  shown  by  the  assertion  which  is  made  that  if  the  distances  had  been 
^Own  a  higher  result  would  have  been  obtained  by  a  single  discharge  of  all  the  smaU- 
^^^118  and  guns,  using  shrapnel  for  the  latter. 

We  all  know  that  the  Turkish  army  was  supplied  with  excellent  arms 
^nd  ammunition. 

When  we  consider  the  immense  amount  of  ammunition  that  will  be 

'Bred  away  and  wasted,  and  the  difficulty    f  keeping  up  the  supply  in 

action,  it  has  seemed  to  me  that  in  seeking  the  magazine  arm  as  *'  the 

pn  01  the  future,^  without  first  examining  the  cai'tridge,  we  are  only 

bringing  on  ourselves  "future"  trouble  without  due  consideration. 

As  a  fact,  a  magazine  gun  is  supposed  to  be  used  as  a  single  breech- 
loader, except  at  comparatively  short  range,  and  it  is  its  rapidity  of  fire 
and  great  destructiveness,  under  such  circumstances ,  that  especially  com- 
mend it.  Now,  if  we  can,  by  the  cartridge,  increase  two  or  three  fold 
the  destmctiveness  of  our  service  arms,  under  similar  circumst^incesj  do 
we  not  to  a  great  extent  do  away  with  the  requirement  for  a  magazine 
gunt  In  fact,  all  things  considered,  do  we  not  excel  it  as  the  arm  for 
general  use!  Of  course  a  magazine  gun  with  such  a  cartridge  would 
be  still  more  destructive,  but  its  construction,  cost,  delicacy  of  mechan- 
ism, &c.,  must  also  be  considered. 
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I  do  not  deny  the  great  results  which  might  be  obtained  by  a  spedal 
corps  armed  with  the  magazine  gun,  but  it  seems  to  me  that,  for  general 
use,  the  service  arm  with  a  buckshot  cartridge,  in  addition  to  the  piw- 
ent  one,  is  all  that  would  be  required.  I  am  aware  of  the  impohcyof 
increasing  the  number  Siud  Jci7id  of  cartridges  for  small-arms,  but  whether 
the  increased  efficiency  obtained  will  not  more  than  compensate  fortius 
^* impolicy"  must  be  left  to  the  test  of  practical  experience. 

With  the  field-piece  we  use  several  different  kinds  of  projectiles  fo 
different  puri>oses  and  at  different  ranges.  It  is  only  proposed  to  give 
the  soldier  two  kinds  of  cartridges,  eadly  distinguished. 

I  have,  by  yonr  permission,  made  the  nece.ssary  alterations  in  a  se 
vice  Colt's  revolver  so  as  to  adapt  it  to  this  cartridge-  The  same  ca 
also  be  ma<le  in  the  Smith  &  Wesson. 

Should  the  revolvers  be  thus  altereil  we  would  then  have  a  cartridft 
tchich  could  be  used  in  all  small  arms^  which  would  practically  be  the  onlj 
one  for  the  revolver  and  a  special  one  for  the  ride  and  carbine,  Tk 
cavalry  would  then  have,  as  now,  only  two  kinds  of  c?*rtridges,  and 
shoiUd  the  bayonet  be  done  away  with,  as  proposed  by  some,  the  infautry 
could  be  supplied  with  a  cartridge  which  coidd  be  used  equally  well  in 
the  revolver  or  ritie. 

An  examination  of  the  chamber  of  the  Springfield  rifle,  caliber  .oO, 
showed  that  the  length  of  the  cartridge  shell  could  be  increased  suffi- 
cient to  get  in  three  buckshot  with  fifty  grains  of  service  powder,  Th« 
bidlets  were  made  of  lea<l  and  tin,  so  a*s  to  lighten  them. 

A  large  poition  of  the  militia  is  armed  with  this  rifle.  For  their  pur 
poses,  useil  as  they  are,  in  ordinary  times,  only  to  quell  disturbances  or 
suppress  riots,  this  cjirtridge  would  seem  to  jwssess  special  features. 

The  ultimate  range  of  a  rifle-bullet  is  such  that,  in  street-fightinjr, 
fiuends  as  well  as  foes  are  endangei'cd.  The  buckshot  with  shorter 
range  would  be  more  efficient  and  not  so  dangerous  to  friemls.  .  A  Gat- 
ling  gun,  either  .4o  or  .50  caliber,  with  this  cartridge,  would  literally  prove 
a  *'  a  new  broom."  In  the  field,  lu^ovided  with  a  shield  and  sufficieut 
oscillation,  a  Gatling  gun  properly  supported  could,  with  this  cartridjsre, 
send  such  a  shower  of  bullets  as  would  practically  render  its  iwsition 
impregnable. 

A  thousand  men  in  a  rifle-pit,  firing  ten  times  a  minute  at  an  enemy 
making  a  charge,  would  send  at  them  3(),()00  bullets,  all  effective  up  to 
300  yards.  One  hundred  and  fifty  yanls  a  minute  is  a  fast  run,  espe- 
cially when  subjected  in  that  time,  man  for  man,  to  thirty  bullets. 

A  soldier  neeil  only  carry  a  few  of  these  cartiidges,  and  their  forai  is 
such  Hs  to  readily  distinguish  them.  Their  weight,  even  if  carrie<l  in 
addition  to  the  regiUar  number  of  rounds,  ought  to  be  a  soldier's  lightest 
load,  when  he  considers  the  increased  protection  they  afford  him. 

The  changes  required  in  the  Colt's  revolver  to  adapt  it  to  this  car- 
tridge are : 

1st.  Xew  cylinder  and  frame. 
2d.  A  new  hand. 

3d.  Ejector-roil,  tube,  and  spring. 
4th.  A  new  gate. 

Using,  as  I  have,  the  present  service  case  for  rifle  and  carbine  car- 
tridges, the  width  of  flange  necessitated  increasing  the  size  of  the  cylin- 
der or  decreasing  the  number  of  the  chambers.  The  latter  was  done 
and  the  revolver  completed  as  a  five-shooter.  The  cylinder,  frame, 
hand,  and  ejector-rod  were  made  new.    The  ejector-tube  was  lengthened 
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aid  the  old  gate  used.   As  finished,  its  weight  compares  with  the  service 
follows : 


t^ickshot,  empty '. 2  lbs.  12^  oz. 

l^rvice,  empty 2  lbs.    6i  oz. 


Difference  in  weight,  empty 


6    oz. 


buckshot,  loaded 2  lbs.  19|  oz. 

W^rvice,  loaded 2  lbs.  13    oz. 


Difference  in  weight,  loaded 


6f  oz. 


The  cost  of  the  alteration  is  variously  estimated  at  from  five  to  nine  * 
dollars  when  made  by  the  quantity.    The  alteration  of  the  Smith  & 
Wesson  would  probably  cost  more ;  the  cost  new  of  both  revolvers  would 
fce  about  the  same  as  those  in  service. 

DESCRIPTION  OF  BUCKSHOT  CARTRIDGE,  FOR  PRESENT  SERVICE  ARMS 
AND  ALTERED  REVOLVERS. — CAL.  .45  BUCKSHOT. 

Case,  present  rifle  case,  uniformly 
tap<^red ;  charge,  40  or  45  grains 
•ervice  powder ;  3  roimd  bullets, 
pure  lead;  'diameter,  ''.458;  lubri- 
cant, bullets  dipped  in  Japan  wax. 
ballets  pushed  in  far  enough  to  sa- 
ford  a  good  crimp  on  last  one. 

The  following  is  the  record : 

Fired  firom  carbine ;  fixed  rest ;  distance,  200  yards ;  target,  15  feet  sfpiare. 


Charge. 


45  grains. 
A)  grains. 
55  grains. 


Numbor   of  i  Number   of    Number  of 
shots.        *      bullets.      I         hits. 


Remarks. 


25 
20 
20 


60 
00 
60 


40    >  No  lubricant. 
20    I        Do. 
24  Do. 


60 


160 


84 


Foaling  fVom  180  shots,  233  grains. 


Charge. 

1 

Number   of    Number   of 

shots.               bullets. 

i 

Number   of 
hits. 

Remarks. 

L5  crrains  

20 
20 

60 

1 
56       L<iibi*icRnfc  lM>twM'n  front  Bud  ni^xti  bullc^t. 

^4  grf^in4 

46   .             TVi 

iQ  grains 

20    *                   60 

33 

Do 

60    1                 180 

135 

Foaling  from  180  shots,  3  grains ;  very  strong  breeze  across  Une  of  fire,  ^m  right  to  left 


Charge. 

Number   of 
shots. 

Number   of 
bullets. 

Number   of 
hito. 

Remarks. 

10  grains 

15  grains  

$0  grains 

S5  frr&ins  ...... .. 

20 
20 
20 
20 

60 
60 
60 
60 

37 
39 
44 
36 

Lubricant  in  paper  cap  on  top  of  powder. 
Do. 
Do. 
Do 

80 

240 

156 
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Fired  from  rifle  ;  distance,  200  yards ;  from  shoulder,  with  rest ;  target,  15  feet  sqiun 


Charge. 


i 
Number  of      Knmber  of  ^    Xamber  of 
fthotA.  ballets.       )         hita. 


BenutfkA. 


45  grains. 


33 


99 


63 


Labricaat  between  boUete. 


Fired  from  rifle ;  distance,  100  yard«  ;  from  shoulder,  with  rest ;  targtrt,  12  feet  gqiai 


Charge. 


45  gnins 
50  grains 
56  grains. 
60  grains 


Xamber  of 
shots. 


10 
10 
10 
10 


Nomber  of 
bullets. 


30 
30 
30 
30 


40 


Number  of 
hit& 


120 


Hemarka. 


Lubricant  between  boQetA. 
I>o. 
Do. 
Do. 


U4 


Rapid  firing  from  carbine;  distance,  100  yards ;  target,  12  feet  sqnaie. 


Charge. 


50  grains  . 
50  grains  . . 
55  grains  .. 


Number  of 
shots. 


17 
17 
17 


Nnmber  of 
buUets. 


Nnmber  of  j 
hits. 


54 

(♦) 


27    i  Time  of  firing  l|  minutes. 
19    \  Da 

15  Do. 


*  Two  round  bullet* and  1  revolver  bullet;  total  bullets,  54. 


f  Service  carbine. 


The  above  were  fired  by  a  good  markBinan  and  show  the  necessity 
the  time  required  for  a  proper  aim. 

To  test  whether  firing  the  buckshot  had  injured  the  rifle^  a  target 
made  with  it^  and  it  was  found  that  while,  before^  the  rifle  had  fired  i 
inches  low  at  300  yards,  it  now  fired  four  feet  and  a  half  high.  A  p< 
ble  explanation  of  this  is  that  the  buckshot  (especially  those  witl 
lubricant)  took  off"  the  sharp  edges  of  the  lands;  so  that  the  rifle-bi 
would  then  meet  with  less  resistance.  At  any  rate  the  trajectory 
flattened  and  the  rifle  improved. 

A  new  rifle  was  then  taken,  and  targets  at  three  and  five  hand 
yards  obtained  as  follows : 


300  ^ards. 


Mean  vertical  de\iatioii  ... 
Mean  horizontal  deviation 
Mean  alxsolute  deviation . . 


500  ^rd9. 

Mean  vertical  deviation 

Mean  horizontal  deviation 

Mean  al>8olute  deviation 

Three  hundred  bucleshot  cartridges  were  then  fired  from  the  rifle  and  targets  » 
taken. 

300  ifards. 

Mean  vertical  deviation 

Mean  horizontal  deviation .... ... 

Mean  ahs«>lute  deviation 


Mean  vertical  de\iatiou... 
Mean  horizontal  deviation 
Mea  n  a  bsol n  te  de v iat iou . . , 


500  jfards. 
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Showing  excellent  practice.  The  targets  being  taken  on  diflferent 
^ays,  would  account  for  the  slight  difference  in  mean  absolute  devia- 
tions.   No  injury  to  the  rifling  could  be  discovered. 

I  also  tried  experiments  with  dift'erent  shaped  bullets.  A  cylinder  of 
L^^ad  and  tin  just  fitting  the  case  was  cut  of  different  lengths.  Some  of 
bliese  were  cut  into  segments  thus : 


The  results  were  not  satisfactory.  I  then  took  a  caliber  .58  round  bul- 
let and  drove  it  through  a  die  one-half  inch  in  diameter, making  a  bullet 


of  this  shape :  «|  ==  |JB    Fired  the  same  with  caliber  .50  bullet  for  the 

.45  caliber.  In  some  of  these  a  cannelure  was  cut  for  the  lubricant 
thus :  K'f  ( jM   I  also  bored  holes  through  some  of  the  bullets,  and  made 


some  cartridges  like  this,  «jKffira^^E^|^||.^^^K^^  ^^  that 


\  t: 


the  gas  could  get  to  the  front  bullet,  filling  the  holes  with  powder :  there 
was  no  improvement  in  the  results,  though  driving  the  bullets  through 
the  gun  by  hand  showed  they  took  the  rifling,  due  to  their  sluggage. 

Velocities,  recoils,  and  penetrations  of  the  cal,  .45  hncTcshot  cartridge,  fired 

from  th^  rifle  ;  charge,  45  grs. 

Velocity:  Average  of  5  .shots 1009.8  feet. 

Kecoil :  Average  of  5sliots 77. 4  pounds. 

Penetration  at  200  yards  through  pine  boards  IJ  inch  thick  and  over 
half  inch  into  second  board.  In  some  instances  through  the  second 
board,  giving  at  least  one  and  five-eighth  inches  penetration. 

I  send  with  this  report  a  few  bullets  picked  up  in  front  of  the  target 
They  are  fair  samples. 

BUCKSHOT  EEVOLVEB. 

(Service  Colt  altered.) 

As  soon  as  the  revolver  was  rough  finished  I  fired  it  (held  in  a  vise) 
as  follows : 

10  shots,  35  grains,  3  bullets. 
10  shots,  40  grains,  3  bullets. 
10  shots,  45  grains,  3  bullets. 
5  shots,  55  grains,  1  service  rifle  bullet. 

Having  stood  these  tests  it  was  then  finished,  and  is  a  very  creditable 
piece  of  work  to  Mr.  Dungan,  the  workman  who  made  it. 

The  need  of  a  fixed  rest  was  greatly  felt,  and  I  had  to  improvise  one. 
It  has  worked  well  and  will  be  the  subject  of  a  future  report.    I  have 
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been  able  to  get  velocities,  recoils,  penetratioos,  and  have  measared  t 
tendency  of  the  muzzle  to  rise  or  "  kick  up.^ 

Tbe  targets  and  results  follow  those  obtained  with  rifle  smd  carbii 
As  is  to  l^  expected,  the  recoil  is  more  than  with  the  serrice  amnuoi 
tion.  It  is«  however,  not  enough  to  trouble  one  in  firing,  while  tl 
efficiency  or  the  revolver  is  increased  nearly  three  times. 

REVOLVERS,   RECOILS,   AND  PRMEl'RATIOKS. 

No  tension  on  recoil  gymng;  target  of  pine  boardfi  }  inch  thick,  separated  by^ia 
I  inch,  distant  25  yards. 

Service  revolver  and  service  ammanition. 


Shot. 


ReooiL 


1. 
2 


5. 
6. 
7. 
8. 
9 
10. 


P&vndg. 

Imim 

21 

T.r 

20 

•e 

21 

T.;5 

21 

T.!J 

21 

7.  SI 

20 

7.  a 

24 

7.1 

20 

1      T.S 

20 

il 

24 

7.S 

Average 


2L2 


7.4 


Actual  pen«tnitkm  in  boards,  3.91  inchM. 


Service  Colt's  revolver  and  Colt's  cartridge  (30  grains). 


Shot. 


RdooiL 


Remarks. 


1. 

2 

8 

4 

5. 

6. 

7. 

8. 

9. 
10 
11. 


Average 


Poundi. 
22 
23 
22 
22 
22 
24 
25 
23 
24 
24 
23 


23.1 


^  Penetration  through  5  boards  { inch  thick,  sepa 
by  spaces  of  {  inch.    In  actual  boards  4. 37  ind 


Buckshot;  40-grain  charges. 


Number  of  shot. 


Recoils. 


1 • ... 

2 

8 

4 

6 

6 

7 

8 

9 

10 

Average 

Aetnal  i>«a«tratidn  In  boards,  S.flB6  inches. 


8L6 


Penetration  at  25  yards,    i  Av 


Pounds, 

Inekst. 

Jndbsff. 

JttdUs. 

81 

4 

6l87 

6.87 

32 

4.5 

3.5 

a6 

83 

6.37 

4.5 

4 

80 

4 

4.6 

4.5 

30 

4.37 

5.25 

6 

32 

5.25 

&26 

6.35 

32 

4.5 

4.5 

7.6 

31 

5.25 

5.5 

6.5 

82 

4.25 

4.25 

5 

32 

4 

5 

4.5 

/» 
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Number  of  shot. 

Kecoils. 

Penetration  at  25  yardn. 

Average. 

^ 

Pfmnds. 
33 
32 
36 
34 
34 
34 
34 
36 
34 
36 

Inches.    Inches     Inches. 
5. 5             5. 75         5. 5 
4.75           4.25          4.62 
5.37           4.5           5.5 
4. 12           5               5 
4. 62           4. 25         6 
ft.25           7               5.25 
6            '5               6 
6                6               5. 87 
5. 5             6               5. 87 
5. 87           5. 25         6. 5 

Inches. 
5.58 

4.54 

• 

5.12 

. 

4.70 
4.62 

6.16 

•  ••••••••••••••••.•.••  ..•..-  .  •..•••••••••..*.. 

5.83 

5.95 

5.45 

5.54 

'eraflre 

34.3 

5.849 

penetration  in  boards,  2.724  inches. 


RECOILS. 


Spring  with  initial  tension  of  twenty  pounds. 


Service. 

Buckshot,  40 
grains  charge. 

Buckshot,  45 
grains  charge. 

81 
31 
32 
82 
29 

46 
46 

47 
46 

47 

49 
48 
49 
47 
47 

Average,  31 

46.66 

48 

^^Tul^VO--^- 

1  pound. 

2  pounds. 

PENETRATIONS  AT  100  YARDS. 

Service,  10  shots. 

5  through  4  boards  |  inch. 
5  through  3  boards  |  inch. 

40-grain  buckshot. 

8  through  2  boards  i  inch. 
2  nearly  through  second  board. 

45-grain  buckshot. 

All  clear  through  two  boards  }  inch  and  ^  inch  in  third  board. 

VELOCITIES. 

Average  of  five  shots. 

Feet 

732 

0-grain  charge 796 

ot3&-gYafiD  cnarge 657 

ot  40-grain  charge 695 

ot  45-grain  charge 741 


f 
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Tendency  of  muzzle  to  rise. 


s 


A    Centre  of  moton. 
B    Muzzle  rest 
C    Spring  balance. 


Ten  poands  initiai  tension  on  spring,  fastened  at  flx)nt  sight    Center 
of  motion.    (See  figure.) 


Service  revolver  and  ammunition. 

rooOk 

Average  of  10  shots 19.^ 

HigheHt 30 

Lowest 19 

Diameter  of  circle  containing  all  shots ;  distance  25  yards,  6) 
inches. 


Coifs  revolver — 30-^ain  charge. 

Average  of  10  shots 18.9 

Jlighest « 

Lowest IS 

Diameter  of  circle  containing  all  shots ;  distance  25  yardfl,  4| 
inches. 


Service  ammunition  and  huckshot  revolver. 

Poaada. 

Average  of  10  shota 18.3 

Highest 19 

Lowest 17 

Diameter  of  circle  containing  aU  shots,  7  inches ;  distance  25 
yar^s. 


Buckshot  cartridge-^AO-grain  charge. 

Poimdft. 

Average  of  10  shote 26^9 

Highest 29 

Lowest 25 

Diameter  of  circle  containing  aU  shots,  10  inches ;  dlsUnce 
25  yards. 
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Buckshot  cartridg^'-'^'grain  charge^ 

Poiuda. 

Average  of  lOehots 30 

^,. J       Highest 31 

'^-^ *       Lowest 39 

Diameter  of  circle  containing  all  shots,  8^  inches ;  distance 
25  yards* 

Tendency  of  muzzle  to  rise^ 
Spring  with  tension  of  15  pounds. 

-^ 

.  -TT       J  iSierrioe.— Twenty-four  pounds,  no  variation ;  diameter  of  circle 

7         containing  all  shots,  distance  35  yards,  7  inches. 

Service  ammunition — buckshot  revolver. 

Pmrnds. 

Average  of  10  shots 19.6 

^ .       Highest 20 

'•^         "       Lowest 19 

Diameter  of  circle  containing  all  shots,  distance  35  yards,  9 
inches. 

Buckshot  cartridge — iO-grain  charge^ 

Potmds. 

Average  of  10  shots 30. 1 

Highest 31 

.ia« ^   Lowest * 30 

Diameter  of  circle  containing  all  shots,  distance  35  yards,  12 
inches. 


Buckshot  cartridge — 45-^rain  charge. 


Potmds. 

Average  of  10  shots 32.2 

Highest 33 

la// 3|  Lowest * 32 

Diameter  of  circle  containing  all  shots,  dist  ance  35  yards,  12 
inches. 


xxieriments  concluded,  the  revolver  was  again  blued,  and,  with 
krtridges  of  40  and  45  grain  charges,  accompanies  this  report, 
olver  has  been  fired  over  575  times,  mostly  from  the  fixed  rest, 
ay  times  from  the  hand,  with  charges  varying  from  35  to  45 
It  has  iSeen  fired  over  one  hundred  times  without  cleaning,  and 
well.  At  200  yards,  the  target,  15  feet  square,  has  been  hit, 
om  tiie  hand,  ten  times  out  of  five  shots ;  this  has  been  done 
41y. 

2  0BD 
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Mr.  Porter,  foreman  of  the  loading-room  at  this  arsenal^  has  be^  in- 
defatigable in  his  efforts  to  make  this  cartridge  a  sucoess,  and  I  am  mad 
indebted  to  him  for  many  valuable  suggestions. 
Very  respectfully,  your  obedient  servant, 

E.  M.  WBIGHT. 

Captain  of  Ordfumot. 


PLITE  L 


TIR6ET  RO.I 


IS  feet  square.    Distanee  BOO  ya^rda, 

too  Buckshot  Cartridges, 

600  Bullets, 

iOr  HUa, 

Stiff  breeze  from  Left  to  Bight,  aoross  Line  of  Fire. 
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FIRII6  RECORD 


^^m  Oetrjbine. 

J^rom  Iti^le. 

^/ibt/SMa. 

Okctrye. 

JTUif. 

J9o.  ofShoi^ 

C?ucr^e. 

JTi/^. 

26 

26 
26 

^6  arr^. 

e/ 

26 

26 

26 

A6^7\f.  . 

60    „.    . 
.66  ^.. 

60 

.     .U'f 

....^7 

.   60  .„.. 
.    .66.^.. 

^7  ■ 

...\  ^^ 

26 

.     .&0   „    .. 

.60 

26 

6a.  „ 

/GO 

■ 

202  . 

.WO. 

206 

tr«ca  in  /Ae  in^er>fiiee<9  ie^tvcen  ihe  ^uUe6^.    The  it^ltmis  wer€  o^ pure 
imetet  certc^ nere  iho^e  Trtacie  ^or  ihe  Gu^^iny  c«erti&/-er',  cctl.  /  irr.cA. 

7^*'*  iarye^  ifAotv^s  ^he  superiority  a^  ^he  Ar^y  /ive  yrecirt  ckctrye 
«/  200  yetrols,  as  /olione : 

CAarye  '^6 yrceins. 60 /SAo/s. 

■  SO        „  60.    .,, 

66        V 60..   y,  .. 

.  eo      .„ 50 


71 


♦» 
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/26 1/i^s. 
37 

99  y. 

//O.        r. 


Tl  yrus  iAe  success  tri/A  /A is  Zorr  cA^ryc  /Act/  suyyes/eoC /o  me 
/Ae proec/icaii/i/y  o/'usirty  /Ae  ^satme  cct7'/rie/ye  in  iAe  rct/o/t/er. 


AppMdix  ^.— lUpQct  rA  \>i«  G^«l  ol  Qt^ltammA^^- 
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FL&TE  II. 


TARGET  10.  2. 


Fifteen  feet  square.    Distance  £00  yards. 
Three  hundred  and  twenty  Buckshot  Cartridges. 
Mne  hundred  and  sixty  Bullets. 
Seven  hundred  antl  sixty-two  Hits. 
To,dtterjnine  best  Charge^  Bullet  and  method  of  lubricat- 
ing.   Cartridges  loaded  on  Loading  Machine. 
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FIRII6   RECORD.        (AUfi^mRifiewUh fixed  rest.) 
Jfo  /,  CAurgnp  ^Sfrs.  j[,ecu^ iulle/s,iuirican^  hel  la^/ itva  40fyho^s.  /O/  Ifii^. 


.   2. 
-A 

-.7. 


»♦  - 


SO    ,, 

so  ^ 

JfS  ^ 

so    ,, 
so  ^ 


Zead{/ej  Ti7v(n  „   -     ^.. -„...„..  >^/?.... 

■     •» »» »» »» - •  f% - ■■  ft- ■  ^^*' -  f» 

ZfCaiZ „....„.„  —  „  .-^/O ...„ 

Z.eaclhutleia  otipped -^O.  .  „ 

JLead  ir^in^ „      Ao...,, 

-  -  ■  •« »» -»? ^^  ••■•» 

JLead  ifutZei^ .    „ ^O.    „ 
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./^/  .„  . 
99.  .... 

.f09 

..57...... 

.76....... 

JS 

yes 


T'Af  /bulin^  of  eeech  ^  O  sAo/tS  na^  a<T  folio rf^  : 

Jfo.  /,     /O grains. Jfo  S,    8 ^rotirt^. 

--»»-*-?•  1^  ■  ■     -w ^.Of.  if......  .... 

.  „  .  O,  .  /  / ., .../..  O  ........  . 

.  ..  A,.il         „ .8.  -3 .     .. . . . . 

*Ah  S  %^9mrrttzTti/ion,  dhcU  ««r,   ohur^e  of  fori i^  five  (^6j  grains  ancf 
Irtfff  hullel  dipped,  >¥tt<F  eelecied.  ull  Ihin^c  considered,  a^  fhe  he^^. 

7/  naj  fmuTtd  //i^/  rrAen  Ihc  tubricurt^  na.^  ie/neert  ike  iuHeis  1/  prould 
a/icA  fo  //leTn,  re/ardin^  Ikeir  ffi^fii,  and  cuu^in^  irtetcotcrucy. 

Jffarty  pieccts  0/ ike  Inhr i cart i  rve re  found  on.  undTteur  ihe  iarg^eS. 


Appndix  'W.— lUpott  «i  >kA  C%a^  «&  Qt^BMM»A^RV 
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PLATE  III. 


* 

TIR6ETR0.3. 

Fifteen  feet  sqMiare.    Distance,  200  yards. 

Three  hundred  Buckshot  Cartridges, 

Charge  jf£  grains. 

Three  lead  BuUets,     Weight  of  eaoh,  ISS  grains. 

Six  hundred  and  twenty-four  Hits, 

BuUets  dipped  in  Japan  waX' 

• 

• 
• 

• 

•  • 

• 

« 

• 

• 

• 

•     • 

•* 

• 

• 

• 

• 

•  • 

• 

• 

• 

• 

I 

• 

• 
•• 

• 
• 
• 

•  ; 

• 

4 

• 
• 

•  • 

• 
• 

•  • 

• 

•• 

• 
•  • 

• 

• 

/ 

• 

• 
• 

• 
• 

•  * 

• 

•• 

• 
• 

4      • 

•  • 

• 

•  • 

• 
•• 

.V 

( 

1 

• 

• 
• 

« 

•   • 

'•< 

•• 

•c: 

*   •• 

•• 

1 

• 

4 
• 

• 
• 

• 
• 

% 

'..» 

• 
• 

• 

@ 

is 

Lv> 

• 

• 

•  t  • 

/•• 

• 

• 
• 

• 
• 

•    • 

•  • 

'.V 

•  •• 

•  ••* 

t- 

*• 

• 
• 

• 
• 

• 

• 

• 

•1 

• 

•• 

• 

i 

h' 

iC 

•  • 

X 

•       • 

• 

•    • 

• 

• 

• 
• 

• 
• 

>.» 

••  • 

J 

s  * 

■J. 

V 

1 

» 

i 

•      • 

• 
• 

• 

• 

•  •• 

• 

:A 

• 
• 

4 

• 
• 

• 
• 

• 

\ 

• 

•( 

• 

• 

<, 

• 

•     • 
• 

••. 

•v 

i* 

• 

• 
• 

• 
• 

• 
1    • 

• 
• 

•   • 

« 

• 

• 

• 
• 

•     • 

• 

• 
• 

• 
• 

« 

• 

• 

• 
• 

• 

• 
•  • 

• 

• 

>    • 

« 

• 

FIRING  RECORD. 

All  fired  from  RifiewOhfixed  rest. 

Distance  tOO  yards. 

Three  hundred  Shots. 

Mne  hundred  BuUets, 

Six  hundred  and  twenty- four  Hits. 

FauUng  from  1st  100  shots      -       -       -       -    7  grains 

"           **   8d     **      " 6      " 

Apptadix  Ww-B«poct  of  Um  Ghitf  ol  OidaMot.  187V 
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PLATE  IV. 

TARGET  10.  4. 

Fifteen  feet  square-    Distance  200  yards. 

SpHngfield  Rifle,   Col.  45, 

Buckshot  cartridge,  4.O  grains. 

One  hundred  shots.    Two  hundred  and  fifty-eight  Hits, 

Fo\ 

ulini 

f,7 

grai 

IM. 
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PIATB  VII. 


TIR6ETR0.1. 

DiManoe,  tOO  yards, 

CaUber  ,60  Rifle. 

iO  Shots.    S$BUs. 

Buckshot  Cartridge, 

Charge,  60  grains  Sendee  Powder. 

3  BuUets,     Weight  of  each,  176  grains. 

Target,  16  feet  square. 

BuUets  of  lead,  16:  Tin,  1. 

Bave  also  tried  Bullets  of  lead  10 parts;  Tin,  1  part. 
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PLATE  IX. 


™TI 


TIR6ETR0.9. 

Distance,  100  yards. 

Twelve  feet  square. 

Service  CoWs  Revolver, 

Service  ammunition. 

Fired  from  fixed  rest. 

Point  sighted  ^  feet  above  centre. 

Twenty  shots.     Twenty  hits. 

Shot  tnarked  **J"  on  Target  was  from  a  defective  charge, 

or  tlw  Bullet  tumbled     Target  looked  as  if  the  Bullet 

fuul  struck  **side  on" 
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Appendix  W.— lUport  of  the  Chief  of  Ordnance,  1879. 
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FLATS  X 


TARGET  10.10. 

It  feet  mpucart. 

Distance,  100  yards. 

Buckshot  Revolver, 

Buckshot  Cartridges.  Charge,  j^O  grains. 

S  Bullets.     Weight  of  each,  133  grains. 

Fired  from  fixed  Best. 

Point  sighted  4  feet  above  Center. 

to  Shots.    60  Bullets.    60  Bits. 
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PLATE  XI. 


TARGET  R&.IL 

It  feei  Stuart. 

Dhimnee,  200  yfirds. 

Bndtt^ud  Kevoiver, 

Buckskoi  Cartrid^s.    Chmrgfi  J^S  grmin*, 

S  BmOeU,    WeiglU  ef  each,  ISS  grains. 

Find  from  fixed  Rest, 

Boini  sighted  4-  f^  above  centre. 

tOSksis.    eOBuUets.    69  Hits, 
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FLATS  XII. 


TIRSETR0.I2. 


J\drU 


It  feet  square. 

Distance^  160  yards. 

Service  Eecolver—CoWs. 

Sendee  Amnumition. 

Fired  front  fixed  Rest. 

two  feet  above  top  and  eetUre  of  Target. 

40  Shots.    j^HUs. 


vSf 


Point  sighted. 
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PLATE  Xni. 


TftRGET  RD.I3. 

IB  feet  square. 

Distance,  ISO  yards. 

Buckshot  Revolver, 

Buckshot  Cartridges.  Charge,  S6  grains. 

Bullets  10  parts  Lead  and  1  part  Tin. 

Point  sighted  four  feet  aifove  top  and  center  of  Target. 

to  Shots.    j^9  HUs. 

Point  sighted. 
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PLATE  XIV. 


TftRGET>O.I4. 

12  feet  square. 

Distance  f  160  yards. 

Buckshot  Revolver. 

Buckshot  Cartridges.    Charge  SS  grains. 

Bullets  16  parts  Lead  and  1  part  Tin. 

Point  sighted  ^  feet  ahove  top  and  center  of  Target. 

to  Shots.    57  HUs. 

Point  sighted. 
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PLATE  XV. 


TftRGETRO.iS. 

12  feet  Bquart- 

Distance,  150  yards. 

Buckshot  Revolver, 

Bucltshot  cartridges,  4O  grains. 

S  Bullets,     Weight  of  each,  ISS  grains. 

Fired  from  fixed  Rest, 

Point  sighted  t  feet  above  top  and  center  of  Target, 

BO  Shots.    68  Hits, 


W/ 


Point  sighted. 
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FLATB  XVL 


TftRGET  RO.  16. 

12  feet  square. 

Distanee,  160  yards. 

Buckshot  Revolver. 

Buckshot  Cartridges.    ^S /rains. 

S  Bullets.     Weight  of  each,  ISS  grains. 

Fired  from  fixed  Rest. 

Point  sighted  top  and  center. 

40  Shots.    88  Hits. 

Finding  the  shots  clustering  low,  I  took  anther  Target 

with  the  same  aim  as  for  the  service. 
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PLATE  XVII. 


TARGET  10.  II 


12  feet  square. 

Duianoe,  ISO  yards, 

Bttekshat  Reoolver, 

BmAskai  Cartridges,     ^grains, 

S  BmOsis,    Wei^  of  eadh,  13 S  grains. 

Fired  frsm  fixed  Rest. 

Point  sillied  t  feet  ahooe  top  and  center  of  Target. 

44k  Skats.    96  Hits. 


~t»~ 


Point  sighted. 
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PLATE  XYIII. 


TtRGETIO.IS. 

It  feet  square. 

Distance,  XSO  yards. 

Buckshot  lUvolver, 

Buckshot  Cartridges,    4>0  grains. 

S  Bullets,     Weight  of  each,  ISS  grains. 

Fired  from  fixed  Best, 

Point  sighted  t  feet  above  top  and  center  of  Target. 

40  Shots,    92  Hits. 
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Point  sighted. 
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[First  indiorBement.  ] 

Ordnance  Office,  War  Department, 

Washington^  June  19,  1878. 

Eespectfully  referred  to  the  commanding  officer  of  National  Armory 
for  report. 
The  pistol  and  cartridges  ha^e  this  day  been  sent  by  express. 
By  order  of  the  Chief  of  Ordnance. 

S.  C.  LYFORD, 
Major  of  Ordnance. 

[Second  indorsement.] 

National  Armory,  August  13,  1878. 

Respectfully  returned  to  the  Chief  of  Ordnance. 

The  efforts  that  have  been  made,  heretofore,  to  render  the  rifle  more 
effective  by  substituting  multiple  or  buck  shot  for  a  single  projectile,  for 
short  distances,  have  not  been  successful.  The  ^^  ShaUr  sectional  hulleV^ 
tried  during  the  late  war,  in  the  rifle-musket,  was  of  this  class,  but  did 
not  meet  with  favor  when  tried  in  the  field.  I  am  not  prepared  to  say 
that  Captain  Wright's  cartridge  containing  three  round  balls  may  not 
under  certain  circumstances  be  effectiv^e,  and  if  there  is  any  way  in 
which  they  can  be  tested  in  service  for  the  rifle  and  carbine,  I  would 
recommend  that  a  number  be  issued  for  this  purpose. 

The  changes  proposed,  of  increasing  the  weight  of  the  revolver  and  re- 
ducing the  number  of  chambers  in  the  cylinder  to  enable  it  to  carry  the 
same  cartridge  as  the  rifle  and  carbine,  seem  to  me  objectionable  and 
not  warranted  by  the  good  to  be  obtained.  The  revolver  being  intended 
for  hand-to-hand  combat,  should,  in  my  opinion,  not  have  long  range 
unless  this  can  be  obtained  without  sacrificing  lightness,  and  without 
reducing  its  number  of  charges. 

The  pistol  and  unexpended  cartridges  will  be  returned  to  the  Ord- 
nance Office  by  express  to  day. 

J.  G.  BENTON, 
Lieutenant-Colonel  Ordnance^  Commanding, 

[Third  indorsement.] 

Ordnance  Office,  "War  Department, 

Washington^  August  15, 1878. 
Eespectfully  returned  to  the  commanding  officer  of  Frankford  Arsenal, 
who  will  manufacture  ten  thousand  (10,000)  of  these  cartridges  for  rifle 
and  carbine,  and  issue  them  to  the  commanding  officer  of  San  Antonio 
Arsenal,  with  explanations,  &c.,  reporting  the  issue  to  this  office. 
The  revolver  is  returned  by  express. 
By  order  of  the  Chief  of  Ordnance. 

S.  0.  LYFORD, 
Major  of  Ordnance. 

[Fourth  indorsement.] 

Frankford  Arsenal,  Pa.,  September  9, 1878. 

Respectfully  returned  to  the  Chief  of  Ordnance,  United  States  Army. 
Ten  thousand  multiball  cartridges,  caliber  .45,  have  this  day  been 
issued  to  the  commanding  officer  San  Antonio  Arsenal. 

Attached  hereto  is  a  sample  of  the  label  put  on  each  box  of  twenty. 
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Captain  Wright  requests  that  a  portion  of  these  cartridges  be  expended 
in  target  practice  in  addition  to  the  regolar  allowance  so  as  to  allow  ik 
men  to  become  familiar  with  their  use. 

JAS.  M.  WHITTEMOEE, 
Major  of  Ordnance^  CommandiM§, 

Each  cartridge  contains  three  round  bullets ;  these  cartridges  are  intended  fof  iktrt 
range  up  to  300  yards ;  thev  are  most  effective  at  firom  one  to  two  hundred  judi, 
using  the  ordinary  sights  of  rifle  or  carbine. 


20 

MULTIBALL  CARTRIDGES, 

FOR 

SPRINGFIELD  RIFLE  AND  CARBINE, 

Cal.  .45. 
Charge  of  Powder,  45  Grains.    3  Round  Bullets ;  Weight  of  each,  133  Grs. 

Frankford  Arsenal,  Sept.,  1878. 


[Fifth  indorsement.] 

Ordnance  Office,  War  Depajrtment, 

Washingtonj  September  12, 1878. 

Bespectf  ally  referred  to  the  commanding  officer  of  San  Antonio  Arsenal 
for  his  information,  and  with  request  for  his  recommendation  how  these 
cartridges  should  be  issued  and  ased  to  insure  the  most  reliable  reports 
as  to  their  efficiency,  &c. 

8.  O.  LYFORD, 
Acting  Chief  of  Ordnance, 

[Sixth  indorsement.] 

San  Antonio  Arsenal,  October  25, 1878. 

Eespectfully  returned  to  the  Chief  of  Ordnance.  United  States  Army. 

The  10,000  multibaU  cartridges,  caliber  .45,  referred  to  in  the  third 
and  fourth  indorsements,  were  received  on  the  7th  instant.  For  the 
purpose  of  obtaining  reports  on  their  efficiency  and  the  advisability  of 
farther  manufacture  for  issue,  I  would  recommend  their  issue  in  equal 
numbers  to  the  regimental  commanders  of  the  four  infantry  and  three 
cavalry  regiments  in  the  Department  of  Texas,  instructions  being  givm 
for  their  expenditure  in  target  practice  at  such  ranges  and  under  socb 
circumstances  as  the  officers  to  whom  they  are  issued  may  deem  most 
suitable. 

CLIFTON  COMLY, 
Captain  of  Ordnance^  Commanding. 

[Seventh  indorsement.] 

Obdnange  Office,  War  Depahtment, 

Washington^  November  1, 1878. 

BespectfuUy  returned  to  the  commanding  officer  of  San  Antonio 
AxsenaL 
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Approved. 
By  order  of  the  Ohief  of  Ordnance. 

S.  0.  LYFORD, 
Major  of  Ordnance. 

[Eighth  indorsement.] 

San  Antonio  Arsenal, 

November  16,  1878. 

Resx)ectftilly  returned  to  the  Chief  of  Ordnance,  United  States  Army. 

The  cartridges  will  be  issued  on  Monday  next,  the  18th  instant,  in 
accordance  with  the  approved  recommendation  of  the  sixth  indorsement. 
To  the  officers  there  mentioned  I  have  added  the  commanding  officer  of 
the  artillery  battalion  serving  at  San  Antonio,  and  the  commanding  officer 
of  the  Gatling  battery  at  Fort  Clark,  feeling  confident  that  tliese  ad- 
ditions will  meet  with  the  approval  of  the  department.  Attention  is 
respectfully  invited  to  circular  letter  No.  7,  current  series,  from  Head- 
quarters Department  of  Texas,  herewith  inclosed.  One  thousand  of  the 
cartridges  received  will  be  retained  here  for  such  further  trial  as  the 
reports  to  be  received  will  probably  require. 

If  practicable  I  should  like  to  have  sent  me  the  altered  revolver  to 
which  Captain  Wright  refers  in  his  report.  The  increased  weight,  as 
given,  is  but  little,  and  while  I  agree  with  Colonel  Benton  as  to  long 
range  not  being  specially  desirable  in  the  revolver,  a  weapon  intended 
for  hand-to-hand  conflict,  I  am  inclined  to  believe  that  the  loss  of  one 
charge  in  the  cylinder,  other  things  being  equal,  may  be  more  than  com- 
pensated for  by  the  advantage  of  the  additional  number  of  projectiles 
given  by  the  multiball  cartridge,  the  chief  feature  of  which,  as  claimed, 
is  increased  efficiency  at  short  ranges. 

CLIFTON  COMLY, 
Captain  of  Ordnance,  Commanding, 

REPORT  ON  MULTIBALL  CARTRIDGES  FOR  SERVICE  REVOLVERS. 
BY  E.  M.  WRIGHT,  CAPTAIN  OF  ORDNANCE,  U.  S.  A. 

(Nine  plates.) 

Frankford  Arsenal,  Pa.,  December  13, 1878. 

Sir  :  I  had  the  honor  several  months  ago  to  submit  a  report  on  a 
Colt's  revolver  so  altered  as  to  use  the  same  multiball  cartridge  as  the 
rifle  and  carbine. 

The  great  object  in  changing  the  revolver  was  to  obtain  a  cartridge 
for  short  range  that  would  be  interchangeable  in  ALL  small-arma  and  ma- 
chine  guns;  however,  as  this  change  would  cause  considerable  outlay,  I 
have  since  adapted  the  cartridge  to  the  service  revolvers,  with  a  very 
tarifling  alteration,  and  I  now  submit  the  following  report  of  what  has 
been  accomplished  in  this  direction. 

As  the  chamber  of  the  service  Colt  is  longer  than  that  of  the  Smith 
and  Wesson,  I  have  made  a  cartridge  which  can  be  used  in  either,  and 
another  which  can  only  be  used  in  the  Colt. 

The  former  contains  two  and  the  latter  three  balls.  I  will,  therefore, 
designate  them  two  and  three  ball  cartridges. 

With  the  two-ball  cartridges  no  change  whatever  will  have  to  be  made 
in  the  present  service  ColVs  revolver. 

This  cartridge,  however,  does  not  develop  the  fhll  power  of  the 
weapon,  and  the  alterations  required  to  adapt  it  to  the  three  ball  cart- 
ridge are  very  trifling. 
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The  chambers  of  both  revolvers  are  now  choked  at  the  forward  end 
iu  order  to  prevent  the  bullets  of  unftred  cartridges,  especially  the  un 

crimped  ones,  from  advancing  when 
No.  1.  No.  2.    the  revolver  is  fired  (see  Fig.  1),  pre- 

^  ^  venting  the  rotation  of  the  chamber, 
^  and  also  to  prevent  escape  of  gas  at 
^  the  joint  of  chamber  and  barreL 

By  reaming  out  the  chamber  a  little 
^  more,  still  leaving  sufficient  choke  to 
prevent  any  escape  of  gas  (see  Fig.  *!, 
the  Colt  wUl  readily  take  a  three-bii 
cartridge  containing  sufficient  powdff 
to  render  it  a  very  effective  weapoi 
even  beyond  100  yards. 

Drawings  exaggerated  to  show  choke  of     The  chamber  of  the  Smith  and  Weg^ 

chamher.  SOU  IS  entirely  too  short  for  a  three- 

ball  cartridge. 

Having  found  by  experiments  with  the  multiball  cartridge  that  the 
front  bullet  is  the  most  accurate  of  the  three,  I  have,  for  the  purpose  of 
spreiuling  the  other  bullets  at  short  range,  from  the  revolver,  reduced 
them  in  diameter  slightly,  so  that  while  they  take  the  rifling,  their  sta- 
bility of  rotation  is  less  and  they  spread  more. 

In  this  report  will  be  found  targets,  &c.,  at  different  distances  with 
the  following  cartridges : 

No.  1.  Three  ball,  bullets  of  same  size,  20  grains  rifle  powder. 

No.  2.  Three  ball,  bullets  of  same  size,  22  grains  Dupont  powder. 

No.  3.  Three  ball,  two  rear  bullets  smaller  than  front  one,  25  gr^os 
rifle  powder. 

No.  4.  Two  ball,  bullets  of  same  size,  25  grains  rifle  powder. 

No.  5.  Two  ball,  rear  bullets  smaller  than  front  one,  25  grains  rifle 
powder. 

The  amount  of  "spread"  of  the  different  bullets  can  be  controlled 
readily,  by  varying  the  four  variables  in  the  cartridges,  L  e.,  the  amount 
and  kind  of  powder,  and  the  size  and  hardness  of  3ie  bullets  used,  the 
front  one  in  all  cases  going  straight  to  the  mark. 

I  have  used  in  part  of  my  experiments  an  old  rifle  powder  made  many 
years  ago,  and  of  which  we  have  on  hand  at  this  arsenal  45  barrels. 

This  powder  gives  with  the  rifle-cartridge  a  velocity  of  1,390  feet 
The  Du  Pont  powder  used  in  No.  2  cartridge  is  service  musket^  giving  a 
velocity  of  1,375  feet. 

The  bullets  used  were  made  of  the  usual  bullet  metal,  i.  c,  lead  16, 
tinl. 

Any  of  these  cartridges  can  be  readily  made  with  the  present  ma- 
chinery. 

Their  penetration  is  sufficient,  and  the  recoil  about  the  same  as  with 
the  service  cartridge. 

The  Colt's  with  the  "  three-ball"  cartridge  would  be  considerably  more 
than  twice  as  effective  a  weapon  as  at  present,  and  the  Smith  &  Wes- 
son with  a  "  two-ball "  cartridge  would  be  vastly  improved. 

Sample  cartridges  accompany  this  report.  The  following  is  the  rec- 
ord : 

Beooils. 


Colt's  revolver:  ammunition  No.  1,  23  pounds;  No.  2,  27  pounds;  No. 
3,  24  pounds. 
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Service  ammunition,  both  revolvers,  21  pounds ;  Smith  &  Wesson 
revolver,  Nos.  1  and  2,  21  pounds. 

Penetratiofij  in  pine  hoards. 

Distance,  25  yards ;  No.  1,  If  inches ;  No.  2,  1 J  inches ;  No.  3, 1 J 
inches;  No.  4, 1^  inches j  No.  5, 1^  inches. 

Distance,  100 yards;  No.  1,  IJ  inches ;  No.  2,  IJ  inches ;  No.  3,  f  inch; 
DSTo.  4,  U  inches ;  No.  5,  f  inch. 

I  womd  respectfully  request  an  authoritative  comi)etitive  trial  of  all 
the  revolvers  for  multiball  cartridges,  with  their  different  ammunitions, 
and  would  suggest  that  the  improvised  fixed  rest  now  at  this  arsenal 
could  be  sent  anywhere  for  the  purpose  of  the  trial. 
Very  respectfully,  your  obedient  servant, 

B.  M.  WEIGHT, 
Captain  of  Ordna/nce. 
The  Chiep  op  Oednanob,  XJ.  S.  A., 

Washington^  D.  0. 

(Through  the  commanding  officer.) 

« 

[IndoTsement.] 

Fbankfoed  Arsenal,  December  16, 1878. 

Respectfully  forwarded  to  the  Chief  of  Ordnance,  XJ.  S.  A. 
From  actual  firing  I  am  satisfied  as  to  the  efficiency  of  the  three-ball 
cartridge  for  the  Colt's  revolver  at  short  ranges  with  a  charge  of  20 
grains  of  powder.    The  alteration  in  the  choke  of  the  chamber  seemed 
to  do  no  harm.    I  concur  with  Captain  Wright  in  his  request 

JAS.  M.  WHITTEMORE, 
Major  of  Ordnance^  Commanding, 


PLATB  XIX. 


Targets  f/oot  square. 


Distance^  26  yards. 


f^L  ShoL 

Bnd. 

3rJ. 

4^/k. 

6ik. 

• 

• 

X 

m        •      . 

• 

• 

•  • 

• 

• 

• 

• 

• 

• 

• 

•  • 

• 

• 

•         , 

•• 

• 

• 
• 

• 

^/A. 


7M. 


8^Ji. 


Sik. 


/06k. 


SOlfila. 
x^hoVe  ^kots  consolieUUecl. 

jro.2.         J^.3.         Jfo.^.  JTo.S. 


^ 

•• 

•  • 

• 
• 

tO^Mt^SOkUt,  /O4,  29k.    /O^.  20k.     X^.  20k. 


•  Froni  hutUL 


Appwdfts  W.— Bipoffi  of  th«  CBuaf  of  (Mmm*.  1879. 
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PLATE  XX. 


TARGET 

It  feet  square. 
Disianoe,   60  yards. 

Ammunition.  *Nb.  t 

/O  Shots.    30  Bullets.     30  Hits. 


— 

•x 

• 



■ 

> 

1 
\ 

• 

H 

>- 

A 

1 

1 

— 

U 

— 

• 
-• — 

— 

\ 

i 
1 

1 
t 

'    i 
L     i       . 

' 

TARGET 

It  feet  square. 
Distance,   SO  yards. 

Ammunition.  J^o2. 
fO  Shots.    30BuUets.     30Hits. 


•  . 

i*.^ 

• 

•  •: 

). 

• 

« 

*  • 

^« 

1 

.  •^ 

• 

• 

^  Paint  sighted,  center  of  Target. 

▲ppwMliz  W.— B^poH  of  tk«  OUif  of  OidnuM.  1879. 
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PLATB  XXI. 


TARGET 

It  feet  square. 
Distance,    SO  yards. 

/O  Shots,      SO  Bullets.    27Sits. 


■ 

• 

• 

fl 

•• 

•  < 

•J 

1. 

1 

< 
• 

P 

• 

• 

•  J^on/  hultei. 


TARGET 

It  feet  square. 
Distanee,   ^0  yards. 


/O  Shots. 

20  Bullets, 

/^HUs 

• 

• 
•  • 

• 
• 

V 

• 

m 

/ 

» 

• 

' 

W  Point  sighted,  center  of  Target. 

▲pfModiz  W.— Bfqpori  of  tU  Qtini  of  OrdauM*.  1879. 
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PLATE  XXll. 


TIRGET 

12  feet  square. 
DisUtnee,   60  yetrds. 


fO  Shots. 

20  Bursts. 

20Rit8. 

1 

r 

/ 

• 

4 

e 

' 

• 

> 

• 
• 

• 

••• 

9 

• 

• 

.. . 

•    ., 

..—.. 



•  FTonf  iuUel 

•  Jteetr  hutleU. 


TARGET 

It  feet  square. 
DUtanee,    7^^  yards, 

t^TnynuniiioTt  J^.  / 
/O  Shots.      SO  BiUiets.      SO  Sits. 


r 

/ 

> 

\ 

1 

• 

* 

t 

1 

( 

1 

( 

•  • 

• 

'.. 

• 

• 

• 
• 

.•' 

•  • 

« 

• 

• 

• 
• 

• 
• 

» 

^  Point  sighted. 

AppMMliz  W.— Bcpott  of  tlM  Okkf  of  OrdiMDea,  1879. 


PLATE  XXIII. 


TARGET 

IB  feet  square. 
Distance,   7S  yards, 

KAfrnTnuniHort  %A76. 2. 
/O  Shots.       30  Bullets.        30  Hits, 


,<.. 

~^^^^  _^..^  i_^_—   ■     ^^^^M    ■    — ^— ^  ^^^—  — i^-^—  ^— ^— 

.^i.. — 

: t 

Kt:*    • 

•  • 

1 V 

•  


TARGET 

IB  feet  square. 
Distance f   yS  yards, 

sAmTnuniHoTt  *^  3, 

/O  Shots.        30  Bullets,      29  Hits, 


• 

• 

1 

1 

• 

4 

e    « 

/ 

> 

•• 

e 

• 

9 

A 

• 

e 

• 

• 

O 

« 

1 

« 

V  Point  sighted. 


•  Jieetr  hutlei^. 
▲ppcadiz  W.— B«iMrt  of  th«  C^  of  Oidnaae*,  1679. 


PLATE  XnV. 

•                                                  

TIRGET 

It  feet  square. 

Distande,    7S  yards. 

%^7nmuniiiOTt  %N6.A. 

/Ot 

\hati 

f. 

26 

>Bu 

Ueti 

9. 

26 

)Hi 

• 

to. 

i 

\ 

\ 

9 

• 

• ' 

?.: 

> 
• 

^ 

•  • 

•  • 

• 

« 

• 
■ 

• 

• 

1 

T 

IRI 

SET 

— 

— 

12  feet  square- 

Distance,   7^  yards. 

%/J'm7nuniHoTv  %/fo.  S. 

/O. 

Shot 

Is. 

2 

0B\ 

Mei 

ts. 

^ 

e?^ 

its. 

• 

ff 

i 

\ 

V 

1 

• 

9 

• 

1 

» 

0' 

c 

• 

— •— 

• 
— ft 

• 
• 

B 



e 

• 

1 

• 

#K   n   '    A     '^\.A   J                        •  Front hullei 

^  PovfU  sighted.                  .  j^^^^  ^^fi^^ 

e 

m 

Appmdix  W.— B«iMrt  of  Um  ChMf  U  Ordiuuio*,  1879.            1 

FLATS  XXY. 


TIR6ET 

IB  feet  square. 
Distance,  100  yards. 

/O  Shots,      SO  Bullets,      26  HUs. 


1 

e^JL 

• A 

_  ^__       _ 

• • 

•  •       •  • 

...    m,m^^^   m^^mm^   .^   .^-M    ill        II    ■       ■    ■  II    ■  ■■  —  ■■I    ■■  ■       I  ■  I    II  »  ■■■     ■■    1^     ■      Wi 




TIR6ET 

if  feei  square. 
Distance,  100  yards, 

n^inmuni^iOTt  s/fb.  2. 
/O  Shots.      30  Bullets.     2SEUs. 


^■1—    ■  ■  ■■■  ——  II—-  ^^'^^  ^^^-^  ■    ■■■■  ■'  ■      ■  ■ »         ~' 

(j_ ^_ 

• •_ 

_ji • 

\^^ ••   _• • 

_! ^ 

• 

(t 


-0^  Poiwt  sighted. 


A|ip«idix«Ww— Btpoii  of  tk«  OUtf  of  Ordauo*.  1879. 


f 


k- 
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PLATE  XXVI. 


TIR6ET 

if  feet  square. 
Distance,  100  yards. 

x^tnmuniiiOTv  J^o,3. 
/OShats,       eOBuUets        2^HUs, 

, 

• 

/ 

> 

\ 

1 

« 

• 

y 

•     ' 

• 

• 

» 

• 

• 

« 

• 

• 

* 

• 

• 

» 

o 

t 

• 

• 

V 

V 

•  TiearhuUd 

TIRGET 

DisUmce,  100  yard*. 

• 

Twelve  feet  square, 
x^TnmuniHoTt  JVb.  A 
/OSfuds.      20  Bullets,       f 6  Hits. 

m 

'a 

■ 

1     t 

\ 

\ 

1 

• 

1 

• 
4 

i 

• 

• 

fl 

■ 

• 

• 

• 
» 

» 

• 

, 

^  Point  sighted. 

App«ndix  W.— B«|mi  of  tht  ( 

Jhkf  of  OrdbMot,  18T0. 

PLATE  liVTI. 


TIRGET 

Distance,  100  yards. 
Twelve  feet  square, 

/O  Shots.        20BtUlets         /7Hits. 


m 

\ 0 

i 
« 

M 

1 

•  • 

: iT-i' 

I) 


^PoifU  sighted. 


'  Tronihutlei 
•  JltarhuileU: 


Appwdiz  W.— Bapofft  of  tk«  Ohiif  «£  (Mbmo*.  18TBL 
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[  IndoisementB.  ] 

Ordnance  Office,  War  Department, 

WcLshington,  December  19, 1878. 

Bespectfully  referred  to  the  commanding  officer  of  the  National  Ar- 
3nory  for  report,  and  with  directions  to  call  upon  the  commanding  officer 
of  Frankford  Arsenal  for  such  cartridges  as  he  may  need. 
By  order  of  the  Chief  of  Ordnance. 

S.  0.  LYFOBD, 
Major  of  Ordna/nce. 

National  Armory,  June  6,  1879. 

Bespectfully  returned  to  the  Chief  of  Ordnance  with  the  report  of 
Captain  Greer,  Ordnance  Department,  herewith  inclosed. 

J.  G.  BENTON, 
IdeutenanirColanelj  Commanding. 


National  Armory, 
Springfield^  Ma^s.^  June  4, 1879. 

Sir  :  In  accordance  with  your  instructions,  I  have  the  honor  to  sub 
mit  the  following  report  on  the  multiball  cartridges  for  Army  revolvers, 
devised  by  Captain  Wright,  Ordnance  Department : 

These  cartridges  were  tested  for  initial  velocity,  recoil,  power — as 
shown  by  penefi^tion  in  white  pine — accuracy,  ana  dispersion  of  fire. 
The  velocities,  it  will  be  seen,  are  somewhat  lower  than  that  of  the  serv- 
ice cartridge,  but  the  weight  of  lead  thrown  is  so  much  greater  than 
in  the  service  as  to  give  with  Nos.  2  and  3  an  unpleasant  shock  to  the 
hand  and  arm. 

In  power  there  is  a  decided  lack  as  compared  with  the  service  cartridge, 
Nos.  2  and  3  giving  but  one  inch  and  4  and  5  two  inches  penetration  at 
25  yards.    No.  4  falls  off  to  1.25  and  No.  5  to  1.8  inches  at  50  yards. 

A  penetration  of  1  inch  in  white  pine  is  usually  considered  as  corre- 
8XK)nding  to  a  dangerous  wound ;  but  this  presupposes  that  the  bullet 
has  some  weight,  as,  for  example,  the  rifle  bullet  of  405  grains,  or  per- 
haps even  the  revolver  bullet  of  230  grains.  The  shock  to  the  system 
is  an  element  as  well  as  the  mere  penetration.  The  weight  of  these 
bullets  is  from  117  to  130  grains. 

As  regards  accuracy,  two  considerations  are  involved,  viz,  uniformity 
of  dispersion  and  the  coincidence  of  the  centers  of  the  clusters  of  shot- 
holes  produced  at  each  shot.  Both  these  are  necessary  in  order  always 
to  insure  the  same  effect  at  a  given  range.  The  deviations  are  given  in 
the  table,  and  the  10  centers  of  impact  of  the  30  and  20  bullets  are 
platted  in  comparison  with  10  shots  made  with  the  service  cartridge. 
Except  at  very  short  ranges,  the  accuracy  cannot  be  considered  satisfoc- 
tory. 

With  regard  to  dispersion  of  fire,  which  is  the  true  raison  Wetre  of 
these  cartridges,  an  inspection  of  the  tables  shows  that  at  short  ranges 
there  is  none  at  all,  the  buUet-holes  of  each  shot  nearly  coinciding.  At 
longer  ranges,  75  and  100  yards,  there  is  a  considerable  dispersion  of  balls, 
but  they  have  too  little  power  to  do  much  execution. 

Again,  the  weight  of  the  cartridges  carried  is  to  be  considered.  The 
table  shows  an  increase  in  the  weight  of  60  cartridges  over  60  of  the 
service  of  from  2.2  ounces  in  No.  5  to  1  pound  8  ounces  in  No.  2. 
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Lastly,  the  use  of  these  cartridges  necessitates  a  slight  change  in  the 
chambers  of  every  revolver  in  the  service  unless  the  two-ball  cartridge  be 
fired  from  the  Colt,  which,  however,  was  not  intended,  as  it  was  desired 
to  utilize  its  longer  cylinder  for  the  three-ball  cartridge. 

As  a  result  of  the  tests,  it  may  be  stated  that  these  cartridges  are  infe- 
rior to  the  service,  which  is  lighter,  more  accurate,  and  far  more  power- 
ful, giving  a  penetration  of  2.25  inches  at  300  yards. 
Very  respectfully,  your  obedient  servant. 

JOHN  B.  OBEEB,     * 
Captain  of  Ordnancej  U.  8.  A. 
The  CoMMANDiNa  Officeb, 

National  Armory. 

VeloHHes  and  recoil. 


Bevolyer. 


Colt's 


Smith  Sl  WesBon. 


Weight  of  revol- 
vep. 


16, 710  grain!..  < 
17, 207  grain!..  [ 


i 


Servioe 
No.  2.. 
No.  8.. 
No.  4.. 
No.  5.. 


1 


Service . 
Da  Pont 
Bifle.... 
...do... 
....do  ... 


s, 

I 


On. 
28 
22 
25 
25 
25 


I 


Qt§. 
230 
800 
352 
200 
240 


1 
8 
8 
8 
2 


III 
III 


730 

507.6 

663.2 

568.0 

681 


itnt. 

t3.75 
7.9 
7.SI 
tft 
IB 


*  Mean  of  several  shots. 

t  Quantity  of  motion  of  revolver  equals  that  of  projectile,  or  M  V=m9,  and 

MV     m^v*     iifV 
Quantity  of  work  of  recoil,  or  Q= -2—= -2|j£"=^|^ 

280« 


7000« 


780* 


_  280»X730» 


64.82 


Hence, 


16710       64.88  X  7000  X  16710 
7000 


Log.  9=2  log.  280+2  log.  780— log.  64.88— log.  7000— log.  16710. 
Q=8.75  foot-pounds. 


WeighU  of  oartridges. 

Number  of  cartridges. 

Service. 

No.  8. 

No.  8. 

No.  4. 

No.  5. 

60 

Lbt.Ox, 
2    18.5 

Lbt.OB. 

4    4.8 

Lbt.Ot. 
4    2.2 

Lbt.Oz, 
8    L5 

lbt.Ot^ 
2   l&T 
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Penetration  in  white  pine. 


DistMioe. 

Seryiod. 

♦No.  2. 

*No.8. 

Ko.4. 

No.  5. 

rd§   ................................ ..>>'rr ' 

Inehe». 
5.76 
6.76 
6.1 
5.75 
5.1 
6.5 

Inehei. 

Inehei. 

Inehit. 
2 
2 
2 

L75 
L75 
2 

Inehst. 
2 
2 
2 

• 

t 

L5 

2 

2 

Heui 

6.49 

1.9 

L9 

xd» i 

4 

4.75 

5.25 

4.25 

6.75 

4.8 

L25 

L26 
L25 
1.26 
L25 
1.25 
L25 

L76 
1.75 
L76 
L75 
1.75 
3 

Hean 

4.8 

L04 

L25 

L79 

rds ^ 

4 

4.4 

4.25 

4.75 

4.76 

4.25 

•     ** 

L25 

L25 
L26 
L25 
L25 
LOO 
L25 

L26 
L25 
L25 

L25 
1.25 
L25 

Mean 

4.4 

L04 

L21 

L25 

lids — 

3.75 

4.5 

8.5 

4.1 

4.1 

4 

L25 
1.25 
L25 

1 
1 
L25 

L25 
L25 
L25 
L25 
L25 
1.25 

Mean 

8.99 

1 

1 

L16 

L25 

metration  batta  are  made  of  inch  boards  with  spaoes  of  one  inch  between  boards.  While  it  is 
kble  that  the  baUs  had  a  little  more  force  at  25  than  at  100  yuds,  there  was  not  enough  difTerenoe 
ise  them  to  enter  the  second  board. 


Aoouraojf. 

25  TABDS. 


Cartridges. 

Mesnhorizon> 
tal  deviation. 

If ean  vertical 
deviation. 

Meanabsolnte 
deviation. 

loe 

Inehet. 
1.04 
6.8 
8.7 
2.05 
L5 

IneJut. 
2.2 
4.6 
2.2 
2.07 
L7 

Inehe§, 
2.48 

I 

8.2 

I 

4.8 

t 

2.91 

• 

K.. ........................................ ............ 

2.4 

60  TABDS. 


loe 

4 

7.56 

8.87 

5.55 

5.74 

2.7 

9.87 

7.5 

4.08 

5.16 

4.83 

12.4 

1L2 

6.86 

7.72 

I 
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75  TABDB. 


Cartridgea. 

Mean  horizon- 
tal deviatioiL 

Mean  vertical  Meaoa 
doTiation.        derii 

Service 

3.08 
11 

17.5 
26.6 
13.1     . 

6.88 
17.4 
16.4 
16.1 
1&5 

( 

lJ'a2 

2( 

U'o.8 

24 

No.  4 

31 

No.  5 

2S 

100  TABDS. 


Service 
No.  2 . . 
No.  3 . . 
No.4.. 
Na5.. 


5.1 

19.6 

21.4 

.17.5 

18.4 

2.8 
17.4 
16.7 
12.1 
14.3 


f 

2( 
21 

21 
2i 


Target  record  at  25  yarde. 


Cartridges. 

Nnmber  of  shot. 

No.  2. 

No.  3. 

No.4. 

NaJ 

A. 

B. 

B. 

2 
2 

4 

L. 

•  •  *  • 

•  «  •  ■ 

12' 

14 

14 

5 

6 

6 

9 

4 

4 

5 

7 

8 

9 

11 

10 

18 

19 

19 

19 

19 

17 

17 

17 

26 

27 

29 

13 

A. 

10 
5 
4 
7 
6 
6 
4 
5 
6 
9 
9 
4 

12 
1 
1 
5 
5 
5 
9 
8 
4 

10 
5 
4 
1 
6 

11 
6 

? 

B. 

B. 

L. 

1 
2 
3 
14 
9 
6 
4 
4 
8 

•  •  *  ■ 

•  ■  •  • 

3 
2 
3 
3 
6 
7 
14 

"5' 
1 

2 
2 

1 
1 
10 
6 
7 
8 

A. 

12 
12.5 

B. 

B. 

L. 

8 
8 

A. 

7 
3 

B. 

] 

12 
12 
11 
12 
12 
13 
16 
17 
18 
18 
19 
20 
19 
20 
20 
19 
23 
27 
4 
6 
14 
19 
20 
20 
20 
19 
23 
25 
27 
33 

1 } 

13 
11 

4 

5 

3 
5 

2 < 

9 

8.5 

4 
4.5 

5 
6 

3 ) 

3 
1 

9 
9 

5 
6.5 

6 

7 

4 ) 

9 
6.5 

6 
3 

4 
2 

5 \ 

6 
6 

3.6 

4 

2 
2 

6 ) 

3 
3 

7 

7 

. ... 

7 
7.5 

1 
3 

7 < 

7 
6.5 

8 
8 

6 
5 

8 < 

5.5 
5 

7 
9 

2 
3 

9 < 

5 
5 

U 
12 

4 
0 

1 

10 ^.< 
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Target  record  at  50  yards. 


Cartridges. 

amber  of  shot. 

Ko.2. 

No.  3. 

No.  4. 

No.  6. 

A. 

8 

8 

•  •  •  • 

17 
6 

>  •  «  • 

13 

7 

6 

17 

17 

•  •  •  • 
«  ■  ■  • 

11 

20 

1 

6 

4 

18 

5 

5 

14 

13 

2 

23 

17 

9 

26 

6 

1 

B. 

R. 

L. 

7 
14 
16 

8 
13 
42 

8 

7 

•  •  •  • 

14 

15 

7 

5 

7 

14 

•  •  •  « 

1 
23 
13 
16 
25 

2 
13 
17 
13 

9 
12 

2 
9 

31 

A. 
3 

•  •  •  • 

2 

2 

13 

12 

«  •  •  • 

18 
8 

"5' 
10 

•  •  •  » 

•  •  •  > 

32 

0 

11 

13 

•  •  •  • 

16 
6 
5 

«  *  •  ■ 

22 

1 
7 

28 
2 
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6 

B. 

B. 

L. 

7 
13 
24 
18 

6 
12 

•  .  «  ■ 

10 

is 

A. 

11 
9 

B. 

•  .  •  . 

B. 

L. 

8 
7 

A. 
1 

B. 

B. 

L. 

0 

2 

.  •  «  • 

5 

8 

2 
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1 

3 

7 
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6 

1 
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2 

6 

1 

1 
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19 
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3 

10 

•  •  •  • 
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2 

7 

.  •  •  ■ 

5 

4 

2 
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22 

5 

1 

10 

4 

1 
6 

14 
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1 
2 

6 
1 

'4' 

2 

7 

•  •  •  . 

•  •  •  . 

23 
24 
18 
18 
2 
6 

■  •  .  • 
•  •  .  • 

9 

10 

9 

8 

10 

15 

5 
9 

3 
17 

6 
26 

•  •  •  • 

1 

20 

6 

12 

4 

4 

0 
0 

•  a  •  • 

2 

1 

6 

•  •  •  * 

4 

•  •  •  • 

7 
2 

5 
5 

5 
4 

1 

.  a  •  . 

1 

.... 

6 

14 

4 

•  •  .  • 

11 


■  •  •  . 

5 

2 

6 

2 

■  ■  •  • 

7 

10 

7 

«•  •• 

4 
10 

8 

"i' 

3 
1 

.... 
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0 
7 
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12 

15 

*  .  •  ■ 

11 

10 
10 

7 
0 
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10 
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0 

4 

18 

^ 

Target  record  at  75  yards. 

Cartridges. 

rmnberof  shot. 

No.  2. 

No.  8. 

No.  4. 

No.  6. 

A. 

B. 

R 

L. 
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19 
24 
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19 

'39 

21 

10 
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26 

22 

21 

22 

22 
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2 
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22 
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10 
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6 

L. 

A. 

B. 
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43 
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4 
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15 

R 
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Target  record  at  100  yard$. 


Cvtridges. 

Number  of  shot. 

No.  2. 

No.  8. 

No.  4. 

NaS. 

A. 

•  «  •  • 

25 

"i' 

•  •  •  • 
■  •  •  • 
«  •  •  • 
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24 
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B. 
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13 
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1 
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B 
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» 
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23 

44 

41 

30 
40 
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» 
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7 
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16 

19 
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8 
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24 
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20 
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8 

8 
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16 
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40 
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46 
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•  •  •  • 
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41 

U 
42 

11 
88 
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PLATB  XXVIII. 


TIR6ETS 

It  feet  9ipiare. 
JHsU^nee,  Z6  yords. 
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Pcint  sighied,  center  of  Target, 
Fired  from  ^Afktzzle  Rest. 

ApfModiz  W.— Bapori  of  the  OUtf  of  Onbi 

1 
uiM,  1879. 

PLATE  XXIX 

TIR6ETS 

It  feet  aquare, 
Distancef    50  yards. 
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Fired  from  Jlfuvzle  Rest. 

AppMdiz  W.— B«N>t  or  th«  QhMf  or  OrdM 

M%UT9. 

PLATE  XXX 


TIRCETS 

It  f(Mi  square. 
DCHance,  J^S  yards. 
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Point  sighted  center  of  Target, 
Fired  from  J^tlusade  Sest. 
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KiATB  XXXI. 


TIRGETS 

It  feet  square. 
Distance,   fOO  yards. 
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Point  sighted,  center  of  Target. 
Fired  from   %AfuTzle  Rest. 
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[IndoTsements.] 

Ordnance  Office,  War  Departivient, 

Washington^  June  9, 1879. 

Eesi)ectfally  returned  to  Capt.  E.  M.  Wright,  through  the  command- 

l^officer  of  Frankford  Arsenal. 

iy  order  of  the  Chief  of  Ordnance.  S.  C.  LYFOED, 

Major  of  Ordmance. 

Frankford  Arsenal,  Pa.,  June  23, 1879. 

lEespectfully  returned  to  the  Chief  of  Ordnance,  TJ.  S.  A.,  through  the 

^iDmanding  officer,  Frankford  Arsenal 

I  cannot  agree  to  the  conclusions  drawn  by  Captain  Greer  in  his  re- 

>rt 

I  consider  a  penetration  equal  to  one  inch  in  white  pine,  with  a  bullet 

sighing  117  grains,  would  produce  a  dangerous  wound.    The  buckshot 

)ni  the  old  **  buck  and  ball  ^  cartridge  weighed  but  41  grains,  and  was 

emed  effective.    The  efficiency  of  the  multiball  cartridge  would  be 

►re  fully  proved  if  fired  under  service  conditions.    It  is  one  thing  to 

3  a  revolver  "  with  a  muzzle  rest  ^ ;  it  is  a  very  different  affair  to  fire 

bridle  mounted. 

E.  M.  WEIGHT, 
Captain  of  Ordnance^  U.  8.  A, 

Frankford  Arsenal,  Pa.,  June  24, 1879. 

Respectfully  returned  to  the  Chief  of  Ordnance,  TJ.  S.  A. 
L  am  convinced  that  for  ranges  varying  fix)m  26  to  100  yards  the  dis- 
Ling  effect  of  the  service  revolver  is  doubled  or  trebled  fired  with  the 
iltiball  cartridge.    Tlus  I  understand  is  about  what  is  claimed  for  it, 
d.  nothing  more. 

JAS.  M.  WHITTEMORB, 
Major  of  Ordnance,  Commanding, 

Ordnance  Office,  June  26, 1879. 

Eespectfully  referred  to  commanding  officer,  National  Armory,  invit 
S  his  attention  to  fourth  and  fifth  indorsements. 
The  recent  equipment  board  was  "  so  impressed  with  the  value  of  this 
cid  of  ammunition  that  it  recommended  that  it  be  manufactured  and 
>spted  to  the  Army  revolver.^  Our  trials  and  experiments  must  settie 
e  question  first  and  prove  that  the  expense  of  alteration  of  revolvers, 
3.,  is  justified  by  the  success  of  our  trials.    Please  give  it  farther  con- 

S.  V.  BEll^T, 
Brigadier-Oeneral  and  Chief  of  Ordnance. 

National  Armory,  July  16, 1879. 

Respectfully  returned  to  the  Chief  of  Ordnance. 

^ut  of  regard  to  tiie  recommendation  of  the  board  referred  to  in  the 

tt  indorsement,  I  would  recommend  that  a  thorough  trial  of  Captain 

right's  multibaJl  cartridge  be  made  in  the  field,  with  the  service  revolver, 

It's  pattern. 

With  regard  to  the  use  of  buckshot,  and  ball  and  buckshot  cartridges, 

^hich  Captain  Wright  refers  in  the  fourth  indorsement,  the  former 

^  practically  abandoned  more  than  thirty  years  ago  for  the  want  of 

iciency  in  the  military  service.    I  also  recollect  that  military  men  very 

cich  doubted  the  usefidness  of  the  ball  and  buckshot  cartridge,  consid- 
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ering  that  buckshot  wounds  from  these  cartridges  were  of  rare  occur- 
rence. 

J.  G.  BENTON, 
Colonel  Commanding. 

Ordnance  Office,  July  18, 1879. 

Respectfully  returned  to  commanding  officer,  Frankford  Arsenal,  who 
will  get  up  a  muitiball  cartridge  for  the  Colt's  service  revolver  and  send 
a  sample  to  this  office. 

S.  V.  BENET, 
Brigadier- General  and  Chief  of  Ordnance, 

Frankford  Arsenal,  Pa.,  July  19, 1879. 

Respectfully  referred  to  Oapt.  E.  M.  Wright  for  compliance  with  pre- 
ceding indorsements. 

JAS.  M.  WHITTEMORB, 
Major  of  Ordnance^  Oomm^inding. 

Frankford  Arsenal,  August  25, 1879. 

Respectfully  returned  to  the  commanding  officer,  with  inclosed  report 
and  sample. 

E.  M.  WRIGHT, 
Captain  of  Ordnance,  U.  8.  A. 


REPORT. 

Frankford  Arsenal,  August  25, 1879. 

Sir  :  I  have  the  honor  to  submit  herewith  a  sample  muitiball  cartridge 
adapted  to  the  "  service  Colt's  revolver.'' 

To  obtain  sufficient  length  of  case,  and  to  overcome  the  choke  of  th^ 
chamber,  I  have  bottled  the  case  slightly  at  the  forward  end. 

This  allows  the  use  of  three  bullets,  diameter  '^428 :  weight,  110  grains  = 
charge  of  powder,  25  grains. 

This  cartridge  is  sufficiently  accurate,  and  gives  good  penetration. 

The  latter  is  as  follows : 

25  yards,  2  inches. 

50  yards,  IJ  inches. 

75  yards,  l|  inches. 

100  yards,  1  inch. 

I  had  hoped  to  compare  the  destructive  effect  of  the  service  and  mui- 
tiball cartridge  by  firing  while  mounted.  This  was  found  to  be  imprac- 
ticable, and  as  the  next  best  thing  two  targets  were  made  on  foot,  run- 
ning. Starting  at  100  yards  on  a  gentle  run,  the  revolver  was  fired  till 
empty.  It  was  then  reloaded  at  a  halt,  and  running  and  firing  resumed*. 
In  this  manner  the  target  was  approached  20  yards  at  a  time,  the  aver- 
age time  for  this  distance  being  ten  seconds. 

There  being  but  twelve  muitiball  cartridges  left,  I  commenced  the 
sixth  chamberful  of  each  cartridge  at  50  yards,  and  the  seventh  at  25 
yards.  The  target  was  6  feet  high  and  16  feet  long.  On  this  were 
rudely  drawn  the  figures  of  eight  men. 

The  accompanying  targets  show  the  results. 

I  also  inclose  herewith  sample  of  the  bullet  after  striking  an  iron  tar- 
get 5  distance,  75  yards. 

Very  respectfully,  your  obedient  servant, 

B.  M,  WRIGHT, 
Captain  Ordnance,  U.  8.  A. 

CoMMANDiNa  Officer,  Fra/nkford  ArsenaL 


PLATE  XXXIl. 


SERVICE  COLT'S  REVOLVER.  MULTIBALL  CARTRIDGE 
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[Indorsements.  ] 

Frankford  Arsenal,  August  25, 1879. 

Respectfully  returned  to  Captain  Wright  for  further  explanation  as 
^gards  space  occupied  by  the  sample  cartridge,  as  to  length  of  chamber 
■-£  revolver,  and  practicability  of  manufacture  by  the  quantity  in  ordi- 
I  sry  loading  machines. 

JAS.  M.  WHITTEMORE, 
Major  of  Ordnance^  Commanding. 

Frankford  Arsenal,  August  26, 1879. 

Respectfully  returned  to  commanding  oflScer. 

The  length  of  the  chamber  of  the  Colt's  revolver  is  1".6.  The  total 
/%3Ugth  of  the  sample  multiball  cartridge  is  1".61.  Deducting  "0.6  for 
:.liickness  of  head,  as  the  cartridge-head  occupies  no  part  of  the  cham- 
:^er,  leaves  the  length  of  chamber  taken  up  by  the  cartridge  1".55.  The 
jront  bullet  is  therefore  ''0.6  below  the  front  face  of  the  chamber.  There 
^oiild  be  no  trouble  in  the  manufacture  of  this  cartridge  in  quantity  by 
^e  ordinaiy  machine  now  in  use  at  this  arsenal. 

E.  M.  WRIGHT, 
Captain  of  Ordnance^  U.  S,  A. 

Frankford  Arsenal,  Pa.,  August  26, 1879. 

Respectfully  returned  to  the  Chief  of  Ordnance,  U.  S.  A. 

The  sample  multiball  cartridge  for  caliber  ".45  Colt's  revolver  strikes 
■ae  as  the  best  that  can  be  done  for  service  revolver  with  choke  in  cham- 
ber to  prevent  bullets  advancing.  The  corresponding  choke  in  shell 
■^^duces  diameter  of  bullet  ".02  double  thickness  of  wall  of  shell.  This 
prevents  slugging  for  taking  grooves  of  barrel  to  any  extent.  With  the 
:*ound  bullet  its  importance  diminishes,  however.  The  sample  is  strong 
^nd  the  balls  well  protected.  Twenty-flve  grains  powder  seems  to  be 
isharge  enough  for  a  cartridge  of  this  kind. 

JAS.  M.  WHITTEMORE, 
Major  of  OrdnancCy  Commanding. 

Ordnance  Office,  War  Department, 

Washington^  August  29, 1879. 

Respectfully  referred  to  the  commanding  officer  of  National  Armory 
For  trial  and  report,  and  to  call  upon  commanding  officer  of  the  Frank- 
ford Arsenal  for  more  cartridges  if  necessary. 

S.  C.  LYFORD, 
Acting  Chief  of  Ordnance. 

National  Armory,  October  16, 1879. 

Respectfully  returned  to  the  Chief  of  Ordnance  with  the  report  called 
for  in  the  preceding  indorsements. 

J.  G.  BENTON, 
Colonel  of  Ordnance^  Comma/nding. 

23  ORD 
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Proceedings  of  a  hoard  of  officers  convened  in  obedience  to  the  following 

order : 

[Poet  Orders  No.  30.] 

National  Akmory,  Springfield,  Mass.,  October  6, 1879. 

•  «  «  It  «  •  • 

Par.  II. — A  board  of  officers,  to  consist  of  First  Lieut.  Rogers  Bimie,  jr.,  Ordnance 
Department,  and  First  Lieut.  C.  C.  Morrison,  Ordnance  Department,  will  convene  at 
this  armory  t^-morrow,  the  7th  instant,  at  10  o'clock  a.  m.,  or  as  soon  thereafter  m 
practicable,  to  test  and  report  upon  the  Wright  multiball  cartridges  for  serrice 
revolvers. 

By  command  of  Col.  J.  G.  Benton :  D.  A.  LYLES, 

Lieutenant  of  OrdnancCy  Post  Adjutant 

National  Armory, 
Springifieldj  Mctss.j  October  7, 1879. 

The  board  met  pursuant  to  the  foregoing  order. 

Present,  both  the  members. 

The  convening  officers  having  submitted  to  the  board  the  Wright 
multiball  cartridge,  adapted  to  Colt's  service  revolver,  they  proceeded 
to  comparative  tests  of  this  cartridge  and  the  service  cartridge,  firing 
each  in  turn,  under  the  same  circumstances,  and  by  the  same  marks- 
man. 

The  object  of  the  trial  was  to  obtain  direct  comparisons  of  the  two 
cartridges  as  to— 

1st.  Initial  and  remaining  velocities. 

2d.  The  energy  at  different  ranges. 

3d.  The  recoil. 

4th.  The  penetration. 

5th.  The  accuracy  in  firing  with  muzzle-rest. 

6th.  The  accuracy  in  firing,  moving  on  horseback  and  on  foot,  at  a 
front  or  body  of  men. 

7th.  The  dispersion. 

Arms  and  ammunition  used,  Colt's  service  revolver,  caliber  ".45; 
Wright's  multiball  revolver  cartridge,  caliber  ''.45;  service  revolver 
cartridge,  caliber  ".45. 

The  multibaU  cartridge  submitted  to  the  board  has  a  case  similar  to 
the  service  cartridge,  excepting  in  its  length,  being  1".61,  and  in  its  be- 
ing bottled  forward  to  pass  the  choke  in  the  chamber.  The  mean  of  the 
charge  of  powder  obtained  from  the  cartridges  is  25  grains.  There  are 
three  bullets,  each  weighing  110  grains,  and  having  a  diameter  of  ".428. 
The  two  extreme  balls  are  segments  of  spheres,  with  one  base,  the  radius 
of  which  is  one-eighth  of  an  inch ;  the  middle  ball  is  a  segment  of  a 
sphere,  the  radii  of  whose  bases  are  each  one-eighth  of  an  inch.  The 
:powder  is  closely  compressed,  so  as  to  occupy  but  ".42  of  the  case. 
Drawings  of  the  cartridge  are  appended  hereto,  marked  A. 

VELOCITIES.  ^ 

The  following  is  a  table  of  comparative  velocities : 

Table  I. 


Ballet. 


Serrioe. . . 
Multiball. 


Weight  of 
powder. 


Oraim. 
28 
25 


Weight  of 
boUeta. 


Chraim. 
230 
330 


^itial  ve- 
locities. 


Feet. 
726 


BemaininK  velocities. 


25  yards. 


Feet 
700 
637 


50  yards. 


Feet 
605 
501.5 


75  yards. 


Feet 
681 
554 


lOOysrf"- 
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The  initial  velocity  for  the  service  bullet,  725  feet,  is  assiimed  as  its 
xiean  average  velocity. 

The  initial  velocity  for  the  multiball  bullets,  '690  feet,  is  deduced  from 
Sk  series  of  33  measurements  by  the  Boulenge's  chronograph.  List  ap- 
pended, marked  B. 

The  multiball  velocities  will  be  found  to  vary  between  widely  sepa- 
xated  extremes,  each  ball  of  the  three  differing  from  the  others.  The 
middle  ball  was  found  to  be  second  in  penetration,  hence  in  velocity. 
TJp  to  25  yards  it  was  the  most  accurate.  It  is  noticeable  in  the  veloc- 
ities recorded  that  it  cut  the  second  target  the  most  often  of  the  three, 
those  velocities  between  681  and  697  feet  probably  belonging  to  this 
ball.  The  uncertainty,  however,  as  to  the  ball  by  which  tUe  wires  were 
cut  caused  the  board  to  take  the  mean  velocity  of  the  thirty-three  as 
the  mean  velocity  of  all.  This  velocity  is  used  in  computing  the  mean 
energy  of  the  three  balls,  the  table  of  comparative  energies  being  as 
follows : 

Table  II. 


BnUet. 

Weight  of 
powder. 

Weight  of 
ballet. 

25  yards. 

50  yards. 

75  yards. 

100  yards. 

Sorrico 

MoitibaU 

Chraint. 
28 
25 

Chrains. 
230 
IIQ 

Footpound*. 

256.8 

99.1 

Footpounds. 
240.7 
85.5 

Foot-pound*. 
238.9 
76 

Foot-poundt. 
227.8 
65.5 

1 

RECOILS. 

The  theoretical  recoils  are,  respectively,  for  the  service  cartridges,  3.7 
foot-pounds;  for  the  multiball  cartridges,  6.86  foot-pounds j  deduced 
from  the  following  data : 

Weight  of  revolver,  16,784  grains. 

Weight  of  service  bullet,  230  grain. 

Velocity  of  service  bullet,  725  feet. 

Weight  of  (3)  multiball  bullets,  330  grains. 

Mean  velocity  of  (3)  multiball  bullets,  690  feet. 

Force  of  gravity,  32.16  feet. 

Although  the  theoretical  recoil  is  seen  to  be  nearly  twice  as  great  as 
^th  the  service  cartridge,  the  shock  was  not  found  to  be  such  as  to  tire 
the  hand  in  firing  fifty  multiball  cartridges  in  quick  succession. 

Assuming  that  the  increaj^ed  recoil  has  no  effect  on  the  accuracy  of 
the  fires,  as  has  been  shown  in  this  case  of  the  service-cartridge,  it  would 
be  no  material  objection. 

PENETRATION. 

In  determining  the  penetration,  white-pine  butts  were  used,  made  of 

inch  boards,  with  1"  spaces  intervening  between  the  layers  of  boards. 

Five  complete  targets  were  made  at  each  of  the  ranges,  50,  75,  and  100. 

yards,  and  eight  complete  targets  at  25  yards,  giving  mean  results  found 

in  the  following  table: 

Table  III. 


HnltibaU  bullets. 


1 

2 

3 

Mean  of  3  balls 


25  yards. 


1.65 


50  yards. 


Inehet. 

Inehet. 

2.06 

1.9 

1.6 

L6 

1.3 

L25 

1.58 


75  yards. 


100  yards. 


Inches. 

Incku, 

L42 

.96 

1.26 

.74 

1.04 

.44 

L24 


.72 
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In  determining  the  penetration  at  25  yards,  cartridges  were  used  with 
the  forward  bullet  marked  by  replacing  about  two  grains  of  the  lead  by 
the  same  weight  of  vermilion,  pressed  into  the  hole  from  which  the  lead 
was  taken,  so  as  not  to  alter  the  shape  of  the  ball.  This  enabled  the 
board  to  determine  which  ball  had  the  greatest  penetration,  hence  the 
greatest  initial  velocity.  The  result  proved  the  forward  bullet  to  have 
the  maximum  penetration,  the  middle  ball  to  be  second,  and  the  rear 
ball  third. 

Eeasoning  from  analogy,  at  each  of  the  other  ranges  the^ame  would 
be  true;  hence  the  balls  numbered  1,  2,  and  3  are  presumed  to  be  the 
forward,  middle,  and  rear  balls,  respectively.  Tabulated  records  of  the 
targets  for  penetration  are  appended,  marked  C. 

The  penetration  of  the  service  bullet  at  50  yards  is  3^  inches  j  at  100 
yards,  3^  inches. 

ACCURACY  WITH  MUZZLE-REST. 

For  the  purpose  of  direct  comparison,  targets  of  ten  shots,  fired  with 
muzzle-rest  at  a  12'  butt,  were  made  at  25,  50,  75,  and  100  yards. 
(See  Plates  XXXV  and  XXXVI.)  The  results  of  which  are  expressed 
in  the  following  table: 

Table  IV. 


• 

5 

25  yards. 

50  yards. 

75  3'ard8. 

100  yards. 

S 

S 

S 

S 

Cartridges. 

.2 

.a 

absola 
iation. 

2 

absola 
iation. 

• 

absolu 
iation. 

• 

absola 
Iation. 

i 

o 

s% 

«M 

o 

a  > 
«  ® 

"s 

g& 

«M 

o 

§» 

^ 

o 

S-o 

• 

o 

S-o 

o 

Z'O 

• 

o 

Z'o 

0 

^ 

^ 

jz; 

^ 

}Z5 

Inches. 

^ 

^ 

% 

Inchet. 

Inehe*. 

Inches. 

"Service 

10 
30 

3.29 
4.00+ 

10 
30 

5.67 
10.45 

10 
30 

10.12 
20.66 

10 
25 

13.76 
28.53 

1« 

MultibaU 

\% 

In  obtaining  the  mean  absolute  deviation  of  the  multiball,  that  ball 
which  was  nearest  of  the  three  to  the  point  aimed  at,  viz,  the  center  of 
the  target,  was  taken,  rather  than  the  center  of  impact  of  the  three,  as 
giving  the  more  nearly  just  comparison.  .  It  is  seen  for  a  single  object 
aimed  at  above  25  yards  the  accuracy  of  the  service-cartridge  is  about 
twice  that  of  the  multiball;  but  when  the  dispersion  of  the  latter  used 
against  a  front  of  men  is  considered,  this  apparent  want  of  accuracy  i^ 
compensated  for.  • 

The  target  record  from  which  the  mean  absolute  deviations  wer© 
obtained  is  appended,  marked  D. 

ACCURACY  IN  FIRING,  MOVING. 

To  determine  this,  the  service  conditions  were  obtained  as  nearly  a^ 
X)ossible. 

Sergeant  Donovan,  of  the  National  Armory  detachment,  was  selected 
as  about  equal,  possibly  a  little  suj>erior,  to  the  average  shot,  a^ 
marksman.  The  figures  of  ten  men,  rudely  drawn  on  a  canvas  rect- 
angle 18'  &'  by  6'  feet,  were  taken  as  a  target.  This  target  was  ap- 
proached perpendicularly  to«  its  front  at  an  easy  gallop.    Firing  was 
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commenced  at  100  yards  with  the  multiball  cartridge.  Six  shots  were 
delivered  between  100  and  60  yards.  The  same  was  then  done  with  the 
service-cartridge.  The  target  was  then  approached  in  the  same  man- 
ner, six  shots  being  fired  between  60  and  25  yards;  then  between  40  and 
10  yards.  In  each  series  of  six  shots  the  service  alternating  with  the 
multiball. 

The  same  was  done  on  foot  at  a  run,  checking  the  speed,  but  not  halt- 
ing, to  fire ;  the  distances  between  which  the  six  shots  were  delivered 
being  as  given  in  the  following  table. 

The  target  was  then  fired  at  on  foot,  running,  while  passing  it  parallel 
to  its  front,  at  a  distance  of  30  yards  from  it ;  firing  commencing  and 
ending  about  50  yards  obliquely  distant  from  its  center. 

The  ground  over  which  the  target  was  approached  on  horseback  and 
on  foot  wa«  rough,  in  places  slippery. 

The  following  tables  exhibit  the  results,  and  copies  of  the  targets  are 
appended  (Plates  XXXVII,  XXXVIII,  and  XXXIX),  giving  in  each 
case  the  results  of  the  most  successful  trials : 

Table  V. 
(Fired  on  honeback  at  a  gallop.) 


Cartridge- 


Service. 


Total. 


MulUliaU. 


From   100  to  80 
yards. 


I 


o 
}Z5 


l8t 

2d 


Ist 
2d 


I 

«a 

S 

o 

M 
CO 


6 
6 


12 


6 
6 


12 


From  80  to  25 
yards. 


» 


1 
1 


5 
2 


o 
5Z5 


l8t 

2d 
3d 
4th 


Ist 
2d 
3d 
4th 


I 
I 


8 
8 
8 
8 


24 


6 
6 
6 
6 


24 


s 


2 
3 
2 
3 


10 


11 
9 
5 
3 


28 


From  40  to  10 
yards. 


o 


Ist 

2d 

8d 


Ist 

2d 

3d 


3 


5 

o 


6 
6 
6 


18 


6 
G 
8 


18 


^ 

a 


3 
2 
4 


9 


7 
3 
8 


16 


Table  VI. 

(Fired  on  foot  at  a  ran.) 


From  100  to 

From  75  to 

From  50  to 

From  35  to 

Cartridge. 

85  yards. 

45  yards. 

25  yards. 

17  yards. 

o 

• 

S 

o 

• 

1 

• 

1 

ja 

A 

ja 

JA 

OD 

OD 

ao 

« 

%« 

«M 

«M 

«M 

O 
.1 

i 

• 

• 

s 

O 
• 

i 

o 

i 

o 

•Si 

O 

a 

O 

o 

Jz; 

» 

JZ5 

)^ 

» 

^ 

H 

Ssrvice 

8 
8 

2 
11 

6 
6 

2 

7 

6 
8 

6 
10 

6 
6 

A 

Multiball 

16 
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Table  VII. 
(Fired  on  foot  at  a  run.) 


Cartridge. 


Service . . 
MnltibaU 


First  triaL 

Second 

• 

42 

• 

5 

o 

o 

xi 

.a 

OD 

OD 

«M 

*M 

o 

• 

5 

o 

• 

o 

o 

^ 

» 

^    \ 

6 

3 

6 

6 

6 

6 

From  the  foregoing  tables  it  will  be  seen  that  in  54  shots  fired  frc 
horseback,  ino\ing  at  gallop,  at  distances  varying  between  100 yard 
10  yards,  21  service-bullets  hit  the  target,  and  in  the  same  numl 
shots,  similarly  fired,  of  multiball  cartridges,  51  bullets  struck  th 
get ;  that  of  24  shots  fired  running,  on  foot,  between  100  yards  ai 
yartls,  15  service  and  44  multiball  bullets  struck  the  target ;  that 
shots  fired  while  running  on  foot  parallel  to  it,  4  service  and  13  mul 
bullets  hit  the  target. 

The  average  time  of  firing  the  six  multiball  cartridges  was  10  J  sec< 
that  for  the  six  service-bullets,  12^  seconds. 

DISPERSION. 

Examining  Plates  XXXV  and  XXXVI,  it  will  be  seen  that  the 
age  circumscribing  rectangle  at  25  yards  of  the  groups  of  shots  ii 
multiball  is  16"  by  1 6 J'',  making  it  possible  to  hit  two  files  at  50 y 
the  average  rectangle  being  40§"  by  30§'',  two  files,  iJossibly  three 
be  hit.  Between  75  and  100  yards  the  spread  covers  more  than 
files,  rendering  it  possible  to  hit  three  men  in  a  front. 

CONCLUSIONS. 

The  efficiency  of  the  cartridge  turns  upon  two  considerations : 
accuracy;  second,  effective  energy. 

In  point  of  accuracy,  when  used  either  against  a  single  file  or  a 
or  body  of  men,  under  the  usual  service  conditions,  viz,  without 
and  fired  by  pointing,  not  sighting,  the  multiball  cartridge  is  a 
superior  to  the  service  up  to  25  yards ;  between  that  and  50  yards,  u 
twice  that  of  the  service  against  a  front  of  men,  and  nearly  equal  1 
service  against  a  single  file. 

Between  50  and  100  yards  it  approaches  nearly  three  times  that( 
service-cartridge  against  a  front  of  men. 

The  board  finds  the  question  of  effectiveness  a  very  serious  one  i 
which  to  arrive  at  a  conclusion,  with  available  data.  Even  at50y 
which  they  consider  a  minimum  effective  range  for  a  revolver-carti 
the  energy  of  one  of  the  three  bullets  is  scarcely  more  than  one-th 
that  of  the  service-bullet  at  the  same  range. 

The  experiments  lead  to  the  conclusion  of  a  probable  and  ms 
superiority  (on  account  of  the  greater  number  of  balls)  of  the  muli 
cartridge  over  the  service,  to  include  a  range  of  50  yards ;  but 
within  this  limit,  it  is  believed  a  well-ground^  conclusion  can  on 
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ived  at  by  actual  trial  in  service,  in  order  to  determine  the  capability 
;he  multiball  bullet  to  inflict  a  dangerous  or  a  fatal  wound, 
^dependent  of  other  considerations,  if  it  be  intended  to  have  this 
tiball  cartridge  succeed  the  present  uniball,  it  seems  to  the  board 
t  a  great  sacrifice  of  weight  and  diameter  of  ball  is  made  in  utilizing 
5"-caliber  rifled  revolver  for  firing  a  .428"  spherical  bullet,  to  gain 
adaptation  of  the  cartridge  to  the  present  choke  of  the  chamber,  a 
3h  heavier  ball  being  in  their  opinion  at  least  desirable.  The  cart- 
je  submitted  cannot  be  fired  firom  the  Smith  and  Wesson  revolvers 
r  in  the  hands  of  troops. 

E.  BIENIE,  Jr., 
Lieutenant  of  Ordnance,  President 

CHAELES  C.  MOEEISON, 
Lieutenant  of  Ordnance^  Recorder. 


(A.) 


7 


(B.) 

%l  velocity  of  Wright^a  multiball  cartridge;  from  a  series  of  33  measurements 

Bouleng^  chronograph. 


by  the 


Number. 

• 

Feet 

Number. 

Feet 

1 

Number. 

Feet 

718 
718 
693 
672 
681 
711 
662 
707 
604 
714 
710 

12 

666 
682 
694 
681 
665 
714 
695 
680 
673 
713 
686 

23 

692 

13 

24 

687 

14 

25 

700 

15 

26 

681 

16 

27 

671 

17 

28 

686 

18 

29 

689 

19 

30. ..L 

31 

708 

20 : 

683 

21 

32 

697 

22 ... 

33 

659 

Mf«n  

flOO 

\ 
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(C.) 
ts  wkUe  pime. 


XoBberof  dMC 


J 

S 

o 


II 

s 


1 

2 
3 

1 

2 
3 

1 

2 

i 

1 

2 
3 


1.9 
1-8 
1.2 

1.9 

i.e 

1.4 
1.9 

i.e 

1.3 

2.9 
1.5 
1.1 

1.8 
1.9 
1.3 


|5 


s 


L5 

L2 

Le 

1.5 
L3 
LI 

L3 
L2 

Le 

L4 
L2 

Le 

L4 
L4 
LI 


At  25  TAltDS. — PtmetrmHim  in  wkitepinA. 


Hamber  of  shot. 

■S2 

3i 

• 

e 
—  a 

St 

p; 

1 

2.0 
2.0 
2.5 
2.2 
2.0 
L8 
2.1 
L9 

L5 

1.! 

2 

L5           LJ 

3 

L5           L* 

4 

L7  ,         L3 

5 

L6  i         L! 

• 
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the  middle  baU  at  this  range  to  have  the  greatest  accuracy. 
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get  record  for  accuraey^  ueing  in  each  case  that  bullet  of  the  multihall  charge  which 
tsarried  nearest  the  center  of  the  target  for  comparison  with  the  (single)  service  bullet, 
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(One  plate.) 

FIRST  REPORT  ON  MERWIN,  HITLBERT  &  CO/S  MULTIBALL  CARTRIDGES 
MADE  BY  MAJ.  J.  M.  WHITTEMORE  AT  FRANKFORD  ARSENAL,  1879. 

Frankford  Arsenal,,  April  23, 1879. 

Sir:  In  compliance  with  your  instructions  of  7th  and  15th  instants,  I 
have  the  honor  to  submit  the  following  report  on  multiball  cartridges 
submitted  for  trial  by  Merwin,  Hulbert  &  Co.,  of  New  York  City : 

In  the  annexed  sketch  Plate  XL,  figures  1, 2,  and  3  represent  the  rifle 
cartridges,  and  figure  4  the  revolver  cartridge.  Another  cartridge,  not 
shown  in  sketch,  was  also  tried,  and  will  be  referred  to  as  No.  5. 

The  programme  of  the  experiments  was  suggested  by  Mr.  Moore,  the 
representative  of  Merwin,  Hulbert  &  Co. 

DESCRIPTION  of  CARTRIDGES. 

No.  1  contains  3  round  balls,  diameter  0".425 ;  weight,  110  grains. 

No.  2  contains  2  round  balls  and  1  conical  ball;  weight,  112  grains. 

No.  3  contains  3  spherical  zones  and  1  conical  ball ;  weight,  112  grains. 

No.  4  contains  2  spherical  zones  and  1  conical  ball,  same  size  and 
weight  as  No.  3. 

No.  5  contains  4  round  balls,  same  size  and  weight  as  No.  1. 

Nos.  1,  2,  and  3  contained  68  grains  powder ;  No.  4, 29  grains  powder, 
and  No.  5,  50  grains  powder. 

The  balls  in  all  were  inclosed  in  a  stout  paper  case  saturated  with  a 
mixture  of  paraffine  and  l>eeswax.  The  paper  case  of  some  were  var- 
nished with  shellac  with  a  view  of  preventing  evaporation  of  the  lubricant 
under  high  temperatures.  The  balls  so  inclosed  are  inserted  in  the  ordinary 
metallic  cartridge  case  over  a  charge  of  powder  and  the  case  crimped, 
leaving  the  front  ball  projecting  from  its  mouth  from  0".5  to  0".6,  and, 
therefore,  the  front  ball  is  held  in  position  by  the  paper  envelope  only. 

ACCURACY  AT  60  YARDS. 

!No.  1,  mean  absolute  deviation 1'.  007 

No.  2,  mean  absolute  deviation 2^  833 

No.  3,  mean  absolute  deviation  (16  misses) 1'.  702 

No.  5,  mean  absolute  deviation 3^  520 

ACCURACY  AT  100  YARDS. 

No.  l,.mean  absolute  deviation  (3  misses) 2'.  440 

No.  2,  mean  absolute  deviation  (7  misses) 2'.  937 

No.  3,  mean  absolute  deviation  (16  misses) 1'.  389 

No.  5,  mean  absolute  deviation * 2'.  796 

FOULING. 

N'o,  1  cartridge,  100  rounds  fired,  barrel  weighed  after  ea^h  20  shots  but  not 

cleaned. 

After  20  shots;  fouling,  6  grains. 
After  40  shots;  fouling,  6  grains. 
After  60  shots ;  fouling,  11  grains. 
After  80  shots ;  fouling,  12  grains. 
After  100  shots ;  fouling,  10  grains. 

APPROXIMATE  EFFECTIVE  RANGES. 

No.  5,  at  100  yards,  12  hits,  6  misses. 
No.  1,  at  150  yards,  11  hits,  7  misses. 
No.  2,  at  150  yards,  8  hits,  10  misses. 
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No.  3,  at  150  yards,  6  hits,  18  misses. 
No.  5,  at  150  yards,  9  hits,  9  misses. 
No.  1,  at  200  yards,  9  hits,  9  misses. 
No.  2,  at  200  yards,  2  hits,  16  misses. 
No.  3,  at  200  yards,  2  hits,  22  misses. 

The  preceding  results  are  for  rifle  ammunition. 

REVOLVER  AMMUNITION  (No.  4). 

Accuracy  {fixed  rest). 

Mean  absolute  deviation,  15  yards  CSdi 

Mean  absolute  deviation,  20  yards C.  511 

Mean  absolute  deviation,  30  yards 1'.  7iS 

Mean  absolute  deviation,  40  yards 1'.  349 

Mean  absolute  deviation,  40  yards 1'.  735 

Mean  absolute  deviation,  50  yards     1'.  850 

Mean  absolute  deviation,  60  yards 2'.  048 

Mean  absolute  deviation,  75  yards 3'.  775 

OFF-HAND  FIRING. 

Mean  absolute  deviation,  35  yards  1'.  913 

Mean  absolute  deviation,  35  yards 1'.  993 

Mean  absolute  deviation,  35  yards 2'.  442 

Mean  absolute  deviation,  35  yards 1'.  890 

No  misses.  Target  12  feet  square.  Point  sighted  3'  above  center  from 
40  to  75  yards.  Some  of  the  rifle-cartridge  balls  struck  the  ground  at  75 
yards  from  the  gun  and  others  ricochetted,  and  afterward  struck  the 
target.  Specimens  picked  up  at  the  target  showed  that  the  spherical 
zones  tumbled  in  flight. 

This  multiball  ammunition  possesses  no  advantage  for  military  pur- 
poses over  that  already  experimented  upon  at  this  arsenal  by  Capt.  E. 
M.  Wright,  Ordnance  Department. 

It  depends  for  sluggage  upon  the  paper  in  which  the  bullets  are  in- 
closed ;  Captain  Wright's  upon  the  sluggage  of  the  bullet  itself,  due  to 
its  increased  diameter  over  that  of  the  bore  of  the  gun,  which  makes  each 
spherical  bullet  weigh  more  than  a  corresponding  one  of  this  ammuni- 
tion.   It  gives  no  better  targets  nor  less  fouling  in  100  rounds. 

The  multiball  ammunition  made  here,  with  lubricant,  between  the 
balls,  and  the  shell  crimped  slightly  over  the  front  bullet  to  make  the 
cartridge  practically  water-proof  and  keep  powder,  lubricant,  and  balls 
in  their  proper  places,  will,  in  my  opinion,  answer  all  the  requirements 
of  service  for  rifle  and  carbine  ammunition  better  than  this. 

For  revolvers,  the  paper  envelope  projecting  beyond  the  mouth  of  the 
shell  and  holding  the  front  projectile  entirely,  the  ammunition  presented 
has  the  advantage  of  giving  a  maximum  powder  space  for  length  of  shell 
and  number  of  balls  carried  in  and  with  it,  which  may  be  desirable  for 
trade  purposes. 

All  these  cartridges  will  stand  transportation  in  quantity  packed  in 
boxes,  but  the  front  bullet  projecting  from  the  shell  is  not  sufficiently 
secure  in  its  paper  envelope  to  stand  the  shocks  it  would  be  subjected  to 
in  the  field  and  on  the  march  if  carried  loosely  in  pouches  or  the  loops  of 
prairie-belts. 

Very  respectfully,  your  obedient  servant, 

JAS.  M.  WHITTEMORE, 
Major  of  Ordnance^  Commanding. 

The  Chief  of  Ordnance,  TJ.  8.  A., 

Washington^  D,  0. 
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New  York,  May  12, 1879. 

Dear  Sir  :  We  duly  received  the  report  made  by  Major  Wliittemore 
upQii  our  multiball  cartridge,  but  we  find  that,  from  some  inadvertence 
of  ours  or  others,  all  the  previous  experimental  tests  have  been  embodied 
into  this  report.  We  would  now  ask  you  to  grant  us  an  official  trial  of 
our  multiball  cartridge,  with  one  style  of  loading,  and  also  that  this 
cartridge  has  been  made  to  meet  the  view  of  the  Board  as  to  the  strength, 
for  military  purposes. 

We  are,  with  respect,  yours  very  truly, 

MERWIN,  HULBERT  &  CO. 
Gen.  S.  V.  Ben^t, 

Chief  of  Ordnance. 

[Indorsement.] 

Ordnance  Office,  War  Depart3ient, 

Washington,  May  13,  1879. 

Res])ectfully  referred  to  the  commanding  officer  of  National  Armory, 
with  the  report  on  this  cartridge  made  from  the  Frankford  Arsenal, 
and  with  directions  to  test  the  cartridge  if  presented  by  the  parties  in- 
terested. 

By  order  of  the  Chief  of  Ordnance. 

S.  C.  LYFORD, 

Major  of  Ordnance, 

National  Armory,  June  27, 1879. 

Respectfully  returned  to  the  Chief  of  Ordnance  with  a  rei>ort  here- 
with inclosed  of  the  test  called  for  by  the  preceding  indorsement. 

J.  G.  BENTON, 
Lieutenant' Coloiiel J  Commanding. 
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Proceedings  of  a  Board  of  Officers  convened  at  the  National  Armory^ 
Springfield^  Ma^ss.y  purstuint  to  the  following  order  ^  viz: 

[Post  Orders  Ko.  12— Series  of  1879.] 

BOARD  TO  TEST  MULTIBALL  CARTRIDGES. 

National  Armory, 
Springfield,  Mass.,  May  21,  1879. 

A  board  to  consist  of  Capt.  J.  E.  Greer,  Ordnance  Department,  and  First  Lienten- 
ant  Rogers  Bimie,  jr..  Ordnance  Department,  will  convene  at  this  armory  on  Friday, 
tihe  23a  instant,  at  10  o^clock  a.  m.,  or  as  soon  thereafter  as  practicable,  to  t«st  and 
Import  upon  the  mnltiball  cartridges  submitted  by  Messrs.  Merwin,  Hnlbert  &  Co., 
of  New  York  City,  N.  Y. 

By  command  of  Lieutenant-Colonel  J.  Q.  Benton. 

D.  A.  LYLE, 
Lieutenant  of  Ordnance,  Post  Adjutant. 
Official : 
D.  A.  Ltle, 

Lieutenant  of  Ordnance,  Post  Adjutant, 

National  Armory, 
Springfieldy  Mass.^  May  27, 1879. 

Ten  o'clock  a.  m.,  the  board  met  pursuant  to  the  foregoing  order. 

Present:  Both  the  members. 

Mr.  Moore,  representing  the  firm  of  Merwin,  Hulbert  &  Co.,  whose 
place  of  business  is  at  83  Chambers  street.  New  York  City,  N.  Y.,  pre- 
isented  to  the  board  samples  of  their  multiball  cartridges. 

Having  determined  upon  a  series  of  tests  for  the  cartridges,  the  board 
resolved  to  meet  as  might  be  necessary  to  conduct  the  same,  and  at  the 
conclusion  thereof  to  meet  for  discussion  and  report. 


National  Armory, 
Springfield^  Mass.y  June  23,  1879. 

The  Board  has  the  honor  to  submit  the  following  report : 

The  cartridges  presented  for  trial  were,  viz,  midtiball  cartridges  for 
the  service  rifle,  and  multiball  cartridges  for  the  service  revolver,  in 
quantity  suflBcient  to  conduct  the  experiments  herewith,  accompanied  at 
the  hands  of  the  agent  of  the  firm  by  a  list  of  advantages  claimed  for 
the  cartridge,  which  list  (in  eleven  paragraphs)  is  herewith,  marked  A. 

The  agent  of  the  firm  was  present  during  the  trials. 

Descriptions  of  the  cartridges,  with  drawings  of  the  same,  are  here- 
with appended  and  marked  B. 

In  the  experiments  conducted,  after  good  workmanship  and  perfection 
of  the  cartridges,  the  Board  had  in  view  to  determine  their  effectiveness  in 
regard  to  accuracy,  dispersion,  penetration,  and  the  limits  of  the  ranges 
at  which  they  mignt  be  equal  to.  superior,  and  inferior  to,  the  present 
uniball  cartridges.    (See  Addenaa  D.) 

Plate  XLII  shows  the  complete  targets  made  by  firing  (10)  ten  shots 
with  the  multiball  (3-ball)  cartridges  from  the  rifle  and  carbine,  each  at 
ranges  of  50, 100, 150,  and  200  yards. 

Plate  XLIII  shows  every  complete  set  of  three  hits  made,  in  the  above 
firings  (by  a  single, cartridge),  plotted  independently  to  show  (individual) 
dispersion  (as  &ough  the  different  shots  had  been  fired  at  different  por- 
tions of  the  target). 

Plate  XLIV  shows  corresponding  targets  for  the  revolver  at  ranges 
of  25,  50,  and  75  yards. 


368 


REPORT  OF  THE  CHIEF  OF  ORDNANCE. 


Table  of  accuracy.    (See  Plates  XLH  and  XLTIL)    Ten(lO)8hoU,  (30)bullet8yfiredattargelj 
12'  square,  with  muzzle-rest,  at  ranges  above  50  yards  for  rifle  and  25  for  revolver. 


Arm. 


Rifle 

Carbine  . 
Rifle  .... 
Carbine.. 

Rifle 

Carbine.. 

Rifle 

Carbine.. 
Revolver. 
Revolver. 
Revolver. 


• 

42 

4> 

s 

o 
hi 

bflolu 
ition. 

• 

9 

« 

ea.s 

& 

a 

a 

q  > 

& 

0 

JZ5 

5Z3 

S 

TardM. 

Inches. 

50 

0 

30 

14  8 

50 

1 

29 

ia3 

100 

8 

22 

30.6 

100 

8 

22 

25.4 

150 

12 

18 

36.5 

150 

12 

18 

31.3 

200 

21 

9 

54.0 

200 

18 

12 

46.4 

25 

0 

30 

6.5 

50 

4 

26 

25.4 

75 

4 

26 

28.2 

Remarks. 


Rifle  cartridge. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 
Revolver  cartridge. 

Do. 

Do. 


The  mean  absolute  deviation  of  the  service  rifle-bullet  at  200  yards 
(the  extreme  range  here  used),  as  found  by  actual  experiments  at  this 
armory,  is  2."8,  and  of  the  service  pistol-bullet  at  75  yards  (the  extreme 
range  here  used),  5.''04;  results  with  which  the  miiltiball  cartridges, 
even  at  the  shortest  ranges  used,  do  not  compare.  Moreover,  the  mean 
absolute  deviation  of  the  multiball  cartridges  is  here  shown  to  be  less 
than  it  really  is  at  the  longer  ranges,  since  only  the  hits  can  be  used 
in  computing ;  consideration  of  the  misses  would,  of  course,  increase 
the  de\iation. 

It  must  be  remembered,  however,  that  an  essential  of  the  multiball 
cartridge  is  to  combine  a  proper  dispersion  with  accuracy,  and  hence 
the  unfavorable  showing  of  the  above  method  of  comparison  is  not  so 
apparent. 

The  following  is  deduced  from  a  consideration  of  the  groups  (alone) 
of  a  single  shot,  and  without  reference  to  the  point  aimed  at. 

Table  of  dispersion  with  accuracy. 


Range,  yards. 


Mean  average  spread. 


Rifle. 


Carbine. 


Revolver. 


25 

50 

75 
100 

150 

200 


a 

o 

•s 

o 


// 


25.4 


75.7 
90.7 


t 


It 


16.5 


14.5 
61 


o 


// 


33.7 


39.25 

19 

71 


1 


// 


18 


40.25 

21 

73 


3 

a 

o 

•a 

o 


It 

10.2 
3a6 
56.6 


9 


II 


10.3 
29.8 


36. 2 


Remarks. 


[ 


Average  of  10  complete  sets  of  three. 
Average  of  10  complete  sets  of  thre<- 
Average  of  9  complete  sets  of  three. 

Average  of  6  complete  sets  of  three. 

Average  of  6  complete  sets  of  three. 
;  R.  Average  of  4  complete  sets  of  three. 
[  C.  Average  of  4  complete  sets  of  three. 
\  R.  Average  of  3  complete  sets  of  three. 

C.  One  set  only. 

R.  No  complete  sets. 

C.  One  sot  only. 


Note.— See  Plates  XLm  and  X  LI V.   •' 
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Which  shows  for  the  revolver  that  at  25  yards  the  three  balls  will  fall 
within  the  area  of  a  single  file  (soldier),  at  50  yards  the  spread  covers 
two  men,  and  at  75  yards  reaches  three  men. 

For  the  rifle  and  carbine  at  50  yards  the  spread  covers  two  men ;  at 
100  yards  four  men  for  the  rifle,  and  the  carbine  two  and  over ;  and 
at  150  yards  the  (rifle)  balls  may  reach  a  front  of  five  men.  In  none  of 
these  cases  does  the  vertical  spread  exceed  the  height  of  a  man. 

The  number  of  complete  sets  at  the  higher  ranges  being  limited,  the 
following  is  deduced  by  a  simple  inspection  of  the  targets,  Plates  XLII 
and  XLIII  (showing  result  for  ten  multiball  cartridges). 


Kange,  yards. 


100 
150 
200 


Number  of  Rhots  that 
would  strike  a  single 
file. 


Sifle. 


3 
3 
0 


Carbine. 


7 
2 
1 


Number  of  shots  that 
would  strike  a  front 
of  men  equal  to  width 
of  target. 


Rifle. 


18 

13 

3 


Carbine. 


20 

15 

8 


Taking  from  this  an  average  of  the  rifle  and  carbine,  we  find  that  in 
firing  at  a  single  file  it  takes  at  100  yards  two  shots  to  hit,  at  150  yards 
four  shots  to  hit ;  but  with  a  front  of  men  we  have  from  the  10  shots  a 
grreater  number  of  balls  than  10  single-bullet  cartridges  would  give. 

At  200  yards  the  inferiority  of  the  multiball,  both  for  hitting  a  single 
object  and  a  front  of  men,  is  apparent. 

As  regards  •  hitting  effect,  the  conclusion  then  is : 

For  the  revolver  cartridge. 

Up  to  25  yards  (and  probably  30)  it  is  not  supeiior  to  the  uniball 
(since  the  three  balls  group  within  so  small  an  area). 

Above  that  range  the  effect  is  equal  to  two,  and  sometimes  three,  uni- 
'ball  cartridges. 

For  the  rifle  cartridge. 

Upon  to  30  yards  (about)  it  is  not  superior  to  the  uniball  (the  group- 
ing is  so  small.) 

Between  30  and  175  yards  (about)  in  firing  at  a  front  of  men  the  (hit- 
ting) effect  may  be  equal  to  three  uniball  cartridges. 

In  firing  at  a  single  object  it  is  inferior  to  the  uniball  above  100  yards. 

*  ^*  Hitting  effect''  here  used  simply  to  indicate  ^'probubiiity  (or  chauces)  of  hitting." 
24  OED 
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Table  of  penetration. 


Mean  penetration  in  pine. 

Bangc,  yards. 

Rifle. 

Carbine. 

Hevolver. 

Remarks. 

Odval 
baUs. 

Segments. 

25 

// 

II 

1.75 
1.75 
L06 

1.29 
1.05 
0.625 

CO.  Mean  of  Shits. 
\S.  MeanofObiU. 
fR.  Meanof  12hiU. 
J  C.  Mean  of  10  bits. 

50 

3.48 

3.25 

■  76 

T,  C  0.  Mean  of  2  hits. 
l*^f  S.  Meanof  5  hits. 
(  0.  Mean  pf  4  hits. 

100 

2.85 
LOG 
1.225 

2.29 
1.57 
1.25 

1  S.  Mean  of  6  bits. 
<  R.  Mean  of  7  hits. 

150 

)  C.  Mean  of  6  hits. 
V  R.  Mean  of  5  hits. 

200 

>  C.  Mean  of  7  bits. 
<  R.  Mean  of  2  bits. 

(  C.  One  hit  only. 

In  the  revolver  cartridges  the  difference  between  the  penetration  of 
the  ogival  and  segments  was  quite  apparent ;  a  record  of  this  firing  is 
appended  and  marked  C. 

Attention  has  heretofore  been  called  to  the  light  concussion  balls  of 
this  kind  would  give  (Captain  Greer's  report  on  the  Wright  multiball 
cartridge),  and  that  an  inch  of  penetration  would  by  no  means  give  a 
wound  equal  to  one  made  by  a  heavy  bullet  having  the  same  penetratioD. 

Assuming  that  1^^5  penetration  with  these  balls  would  inflict  a  dan- 
gerous wound,  we  see  that  the  effective  range  of  the  rifle-bullet  multi- 
ball  is  limited  to  160  yards  (about) ;  and  with  the  pistol,  even  at  25 
yards,  but  one  of  the  bullets  in  the  cartridge  has  a  penetration  of  1".5. 

The  fouling  was  found  to  be  very  slight-  After  70  rounds  had  been 
fired  from  the  rifle  and  carbine  each,  the  barrels  were  carefully  weighed, 
then  cleaned  and  re- weighed ;  the  rifle  gave  5  grains  fouling,  the  carbine 
no  perceptible  fouling. 

The  recoil  was  found  to  be  not  excessive. 

The  diversity  of  the  spread  at  different  ranges  in  regard  to  directions, 
vertical  and  horizontal,  shows  that  the  casing  of  the  balls  takes  the 
grooves  of  the  rifling ;  the  case  seemed  to  rupture  uniformly  and  fell 
near  the  muzzle  of  the  piece,  only  in  exceptional  cases  parts  of  it  read 
iug  the  target  with  the  ball. 

The  cartridges  are  firmly  constructed ;  the  metallic  case  partly  \^ 
closes  and  clamps  the  forward  balls,  and  the  Board  assents  generally  to 
the  claims  set  forth  by  the  inventors,  so  far  as  the  tests  appli^  show, 
with  such  exceptions  and  conditions  as  are  herein  set  forth. 

The  question  naturally  arises  whether  it  would  be  advisable  to  encnm- 
ber  men  in  action  with  cartridges  which,  in  the  opinion  of  the  Board, 
as  revolver  cartridges,  are  not  at  any  range  superior  to  the  uniball  t(^ 
inflict  a  dangerous  wound,  and  in  any  case  could  not  be  used  with  effect 
beyond  75  yards,  and  as  rifle  cartridges  could  not  be  used  with  effect 
beyond  175  yards,  while  their  superiority  to  the  uniball  is  limited  be- 
tween 30  and  160  yards. 

JOHl^  E.  GREER, 
Captain  of  Ordnance.  United  States  Army,  President  of  the  Board, 

R.  BIRNIE,  Jr., 
Lieutenant  of  Ordnance^  Beoordef' 
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(A.) 
Advantages  claimed  for  encased  mulHball  metallic  cartridge  of  MerwiUf  Hulhert  ^*  Co. 

First.  No  leading  of  barrel  by  any  number  of  discbarges. 

Second.  At  eacb  discharge  the  casing  acts  as  a  cleaner  and  lubricates  the  barrel. 

Third.  The  lubricated  case  taking  the  rifling  gives  an  easy  transit  of  balls  and  ac- 
curacy of  flight. 

Fourth.  The  lubricant  is  preserved  under  the  different  ordinary  degrees  of  tempera- 
ture. 

Fifth.  By  the  centrifugal  force  given  to  the  casing  and  balls  by  the  rifling,  the  cas- 
ing is  thrown  off  after  leaving  the  barrel,  the  balls  diverge  ur  separate  nearly  equal 
to  the  front  of  three  men  art  s^out  one  hundred  yards  distance. 

Sixth.  This  multi  (3-ball)  cartridge  in  its  effective  (or  destructive)  results  at  each 
discharge  at  short  range  is  nearly  equal  to  three  separate  discharges  by  a  breech-loader 
throwing  one  ball. 

Seventh.  The  cartridge  is  firmly  constructed  and  will  withstand  rough  usage  of 
actual  service  and  preserve  its  uniformity  of  shape. 

Eighth.  Continuous  (and  rapid)  firing  without  requiring  the  barrel  to  be  cleaned. 

Ninth.  Preservation  of  powder.  The  casing  as  an  insulator  prevents  galvanic 
action  between  the  metallic  shell  and  balls  which  chemical  action  in  time  would 
deteriorate  the  powder. 

Tenth.  The  casings  are  made,  the  balls  placed  and  secured  firmly  therein,  separate 
from  the  metallic  shells  and  can  be  transported  in  bulk  or  otherwise  without  injury 
and  attached  to  the  loaded  metallic  powder  case  when  desirable  (or  at  reloading  of 
shells)  conveniently. 

Eleventh.  This  multiball  cartridge  is  readily  distinguished  by  touch  or  sight,  from 
tbe  single-ball  cartridge. 


(B.) 

Description  of  Jferiotw,  Hulhert  ^  Co.^s  multiball  cartridge  for  the  service  rifle.    (See 

Plate  XLL) 

Weight  of  powder  charge grains..    52 

Niunber  of  balls 3 

Diametxjrof  balls 0".424 

Weight  of  balls  (each) grains..     108.66 

Totju  weight  of  lead .grains..     326 

The  charge  is  inclosed  in  a  copper  cartridge  case  of  service  dimensions. 

The  three  balls  are  inclosed  in  a  strong  casing  of  paper  lubricated  with  a  mixture 
of  paraffine  and  beeswax,  making  of  them  a  single  piece. 

Fig.  2.  The  paper  is  saturated  with  the  lubricant.  The  case  is  crimped  at  the  base 
to  hold  the  balls  in  place ;  the  longitudinal  cuts  a  a.  Fig.  2,  are  made  through  the  case  to 
facilitate  rupture  after  it  has  left  the  piece.  (A  light  coating  of  shellac  covered  the 
portion  of  the  case  that  projects  from  the  shell  in  some  of  the  cartridges  presented, 
with  a  view  to  protection  of  the  cartridges  from  atmospheric  influences. )  Lubricant 
is  placed  in  the  recesses  (corresponding  to  cannelures),  where  the  balls  come  in  con- 
tact. 

Plate  XLI,  Fig.  1,  represents  the  cartridge  complete,  full  size. 

Fig.  2,  the  paper  case  in  which  the  balls  are  inclosed. 

Fig.  3,  a  single  ball. 

The  multiball  cartridge  for  the  revolver. 

Weight  of  powder  charge , grains..    22 

Number  of  oalls  (1  ogival  and  2  spherical  segments) 3 

Diameter  of  balls 0''.424 

Length  of  ogival  bullet 0",29 

Altitude  of  segments 0".236 

Weight  of  ogival  bullet grains..  Ill 

Weight  of  segments  (each) grains  .     82 

I'otal  weight  of  lead ' grains..  275 

The  charge  is  inclosed  in  a  copper  cartridge  case,  of  service  dimensions.  The  paper 
casing  for  the  bullets  is  like  that  for  the  rifle.  The  ogival  has  a  flat  base,  and  the 
bases  of  the  segments  fit  to  this  and  to  each  other.  Lubricant  is  placed  in  the  re- 
cesses and  about  their  junctions. 

Plate  XLI,  Fig.  4,  represents  the  cartridge  complete,  full  size. 

Fig.  5,  the  ogival  or  forward  bullet. 

Fig.  6,  the  segment  bullet. 
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(C.) 
Record  of  firing  far  penetration  with  Mencin,  Hulbert  <f-  Co,'8  multiball  cartridge  for  pi%f^^ 

25  YARDS. 


Remarks. 


HitA 

Penetra< 
lion. 

/» 

1 

1.50 

2 

1.75 

3 

L25 

4 

1.75 

5 

L50 

6 

1.00 

7 

1.26 

8 

L75 

0 

1.25 

Segment 

Oj^val  - 
Segment. 
O^val . . 
Segment . 
Segment . 
Segment . 
Ogival . . 
Segment 


Three  shots  (3  balls  each)  fired  firom  Colt's  revolver  at  butt  6'  x  O' 


50  Y.\RDS. 


Hits. 

Penetra 
tion. 

// 

1 

1.25 

2 

1.00 

3 

1.125 

4 

LOO 

6 

0.875 

6 

1.75 

7 

1.75 

8 

Bemarka. 


Segment . . . ' 
Segment . . 
Segment . . 
Segment . . 
Segment . . 

Ogival 

Ogival .... 

Struck  in  Joint ;  not  taken. 


>  Three  shots  (3  balls  each)  fired  from  Colt's  revolver  at  butt  &  X  6'. 


1  shot  missed  the  batt. 
75  YARDS. 


Hits. 

Penetra- 
tion. 

II 

1 

0.75 

2 

1.25 

3 

1.00 

4 

0.625 

5 

0.250 

6 

1.00 

7 

.875 

8 

1.00 

9 

0 

'Nine  shots  (3  balls  each)  fired  from  Colt's  revolver  at  butt  C  X  6'- 


Segment . 

Ojrfval . . . 

Ogival . . . 

Seg:ment . 

Segment . 

Ogival . . . 

Segment . 

Ogival . . . 

Struck  in  Joint ;  not  taken. 

Struck  in  joint ;  not  taken. 


17  shots  missed  the  butt. 


(D.) 

List  of  experiments  adox}tedfor  the  trial  firing  of  Merwiny  Hulbert  <f-  CoJ's  muUihall  carir^9^ 

for  the  service  rifle  and  revolver, 

ACCURACY  AND  DISPERSION  FOR  THE  RIFLE  MULTIBALL  CARTRIDGE. 

TeD  rounds  to  be  fired  from  the  Springfield  rifle  and  carbine,  each,  at  ranges  of  ^' 
100,  150,  and  200  yards.    Target  record  to  be  made  after  each  single  shot. 

PENETRATION. 

Five  ronnds  to  be  fired  as  above  at  a  pine  bntt  6  feet  square.  «/ 

Penetration  and  number  of  hits  to  be  recorded  between  each  series  of*  firings.  .  ^ 

necessary,  the  number  of  rounds  to  be  increased  to  obtain  sufficient  hits  to  det«niii" 

the  mean  penetration. 

ACCURACY  AND  DISPERSION  FOR  THE  REVOLVER  MULTIBALL  CARTRIDGE. 

Same  as  for  the  rifle,  except  that  Coitus  revolver  to  be  used  at  ranges  of  25,  50,  a"" 
75  yards. 

PENETRATION. 

Same  as  above,  except  that  three  shots  to  be  fired  in  the  first  instance. 


. 


PLATE  XLl. 


MERWIN,  HULBERT  4c  C9*8   MULTIBALL  CARTRIDGE. 


FOR    THE  SERVICE  RiriET 


^y:/ 


Fisr2 


^^mi/ 


Fiff.3. 


Jje^enfZ. 


ffeifA/  of  Powder  oAarye,  .  52  fTain*. 

J^mieref^alia  in  eacA  Cocrfriclgre,  J.      . 

DiayrteUr  of  £alio , 0X2U. 

WeifA^  0/  eeteA  Sail,      f98. 69  grretinA 

Tolal  JTetgrAl  of  Lead, 326  grrain^. 


FOR  THE    REVOLVER. 


Jiy:^. 


n^.s. 


c 


Fisre 


ytei^Al  ofPoynler  cAaryre,  22  ^reein^. 

^o  ofSall^,  (f  OfipeiU'  2sSph  /  ^•fmenl^  3. 
Dictmefer  a/ ScUIa,  o'Jt2U. 

Lon^iAaf  OsritfalJitaUi, o'39. 

JlUiHule  a/ /^esriHeyf*, 0'236 

TYei^fU  of  OgitftUSuUei, ///  gm*in€. 

do^  .  „   ^efi7%enls,.feacAj) ^82      do. 

TofallTeiy^hfa/Load, 276      do 


u. 


r 
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PLOTS  or  10  SHOTS  (3  BALL  CARTRIDGES)  FIREDiAT  TARGETS  12  Ft  SQUARE. 

POINT  or  AIM  CCNTCR. 

ftlFLL  ....  CARBINE. 


At  50  Yards. 
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At  100  Yards. 
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At  150  Yards. 
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K 

io.  or  V 

IITJ 

>,  s 

1 — 

^^  _„^ 

. 

-- 

u^ 

.  -    ^ 
1 

-i 

— 1 — 

I— 



• 

y — 

1 — 

1           /■ 

^ 

1 
— \ — 

( 

V 

) 

• 

J     1 

1  1 

'    ' 

-  1 

1 

• 

L-J 

• 

L^ 

• 

NO.  or  HITS,  12. 

• 

I 
1 
i — . 

4- . 

I 

1 
>    ■ 

1 

-  . — j — , 

'     1 

1 

r^ — r- — 

'     m\ 

1 

\ 1 

1 1 

c 

■^    i 

— ^ — H- 

*                   r   —     — 

1 

1 

\ 

)    * 

'  •  1 

— ] 

1 

1          1 

i        i 

1 

1 

• 

-  — 1 

J 

1         ' 

1 
1 

1 

. 

j   ^ 

i     I 

1 

1     1 

\       I 

i   1 

,     1 

W.~Bapart  «r  «•  OM  «!  Oi^MaM.  Itlt. 


PLOTS  or  SINGLE  <?  BALQ  CARrfflDGES,  TIRED  AT  TARGETS  12  Tt.  SQARE. 

POINT  OF  AIM-0- 


rifle:  aw  carbine  compared, 
rifll  cabbihl 

AT  100  YARDS, 


^ 

s 

Tsor 

TH 

n 

MH, 

10 

w 

0T5. 

■, 

_-J 

—)— 

—'-J-, 

■  •- 

r 

H 

^. 

.' 

^ 

- 

■~« 

- 

T~~ 

-.      ■ 

"". 

; 

r 

" 

-^ 

-t! 

L-    ^ 

z^-^-^x^-t^ 

^    ^  ""4^; 

fit^  V   TZt  + 

c       x^    X 

lK-.  ~viiM 

-\'-^tr-^-iij~b5 

^■(^^■^"ra-^ 

-:^._iax-^ 

AT  160  YARDS. 


IStT 

Of  TH 

EE 

WW 

SH 

T8. 

- 

[^ 

: 

/ 

" 

/ 

u 

Ui'fi 

- 

-■J 

~4^,, 

V 

St 

- 

U- 

^-H 

- 

-H. 

^ 

Mit.    Jti/le-bdedtttrtmJricenv:bU*tt»(  aooyanit. 


\ 


PLATl  XLIT. 


5 

a. 


d 

CO 

h 

6 
I 

bJ 
OS 

JO 


O 


o 

I 


2 

CO 

I 

CO 

o 

CO 


• 

' 

• 

i  «-' 

• 

i  • 

^i 

1^ 

li 

,  t 

?! 

9 

■ 

• 

• 

*i 

' 

• 

• 

• 

• 

* 

^ 

• 

1 

.if 

1"' 

/• 

i 

• 

f  = 

• 

• 

9 

* 

8fe 

/' 

, 

• 

«l 

• 
« 

• 

• 

• 

• 

8  «r 

• 

• 

•  • 

?t 

.•w 

s^ 

• 

«« 

APPENDIX  X. 

REPORT  ON  RANGE  FINDERS. 
Capt.  F.  H.  Phu*P8,  Ordnance  Department. 

(Six  plates.) 

FIELD  RANGE-FINDER— WATKINS. 

Plate  I. 
1.  Description  of  instrument. 

1.  The  instrument  is  double  reflecting,  on  the  principle  of  the  ordin- 
ary sextant,  but  is  so  constructed  that  the  near  object  is  seen  by  reflec- 
tion and  the  distant  one  by  direct  vision,  thus  rendering  it  easier  and 
quicker  to  use,  more  particularly  in  hazy  weather. 

2.  There  are  two  patterns  in  the  service,  differing  only  in  size  and 
weight ;  that  for  the  artillery  being  10  inches  long,  3|  inches  wide,  and 
1|  inches  deep,  and  weighing  with  its  case  about  5  pounds.  That  for 
the  infantry^,  5f  inches  long,  2^  inches  wide,  and  IJ  inches  deep,  and 
weighing  about  1^  pounds. 

This  instrument  consists  of  a  brass  rectangular  box,  carried,  when  not 
in  use,  in  a  leather  case  slung  over  the  shoulder  like  an  ordinary  field- 
glass.  When  in  use  half  of  the  cover  is  thrown  back,  thus  exposing  the 
right  half  of  the  instrument  Plate  I,  accompanying,  shows  the  instru- 
ment, side  elevation,  cover  half  open;  end  elevation,  cover  half  open; 
and  plan,  cover  removed.  In  the  cover  is  carried  a  key  for  adjusting; 
and  in  the  artillery  pattern  a  small  telescope  for  use  in  taking  long 
ranges.  There  are  two  eye-holes,  V  and  E,  fitted  in  the  larger  pattern 
with  movable  slides,  so  that  the  instrument  can  be  used  with  or  without 
the  telescope;  the  arrows  indicate  the  direction  in  which  the  observa- 
tion is  taken. 

3.  On  a  brass  arm,  F  G,  pivoting  at  !N,  is  fixed  a  mirror,  !N,  similar 
to  the  index-glass  of  an  ordinary  sextant.  Another  glass,  O,  corres- 
ponding with  the  horizon-glass  of  a  sextant,  is  secured  to  a  shorter 
metal  arm,  H  I,  capable  of  revolving  round  a  pivot  at  H,  and  fitted  at 
I  with  a  steel  screw.  This  arm  plays  between  two  steel  blocks,  K  and 
L^  so  placed  as  to  allow  of  a  transverse  of  45^,  and  is  mQved  by  the  rack 
Q,  actuated  by  the  knob  P. 

By  this  arrangement  the  position  of  the  screw  I  can  be  attached  rela- 
tively to  the  arm  H  I  without  disturbing  the  total  angular  traverse  of 
the  mirror  O,  which  remains  constant  at  45^.  If  then  the  arm  H  I  be 
locked  in  position,  so  that  the  screw  1  bears  against  the  block  L,  by 
screwing  or  unscrewing  I  the  mirror  O  can  be  adjusted  parallel  to  the 
index-glass  ^.  An  optically  true  right  angle  will  then  be  secured  by 
traversing  the  arm  until  the  screw  I  presses  against  the  block  K.  By 
this  arrangement  the  instrument  can  be  tested,  and  by  using  the  key, 
carried  in  the  cover,  adjusted  in  a  few  moments. 

4.  The  edge  F  G  is  fitted  with  a  steel  plate,  against  which  bears  a 
steel  projection  on  the  sliding  collar  E.  This  collar  slides  on  a  brass 
arm,  C  D,  pivoted  at  C,  and  graduated  with  a  scale  of  yards  represent- 
ing the  different  lengths  of  base  with  which  the  instrument  can  be  used. 

5.  At  the  extremity  of  C  D  is  a  steel  block,  D,  against  which  the  screw 
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B  bears.  This  screw  is  rigidly  fixed  to  a  metal  cylinder,  A,  on  which  is 
engraved  a  scale  of  ranges.  When  the  screw  B  is  turned  the  arm  C  D 
is  moved  on  its  pivot  C,  and  the  sliding  collar  E,  bearing  against  the 
arm  F  G,  causcK  it  to  move  on  its  pivot  at  N,  thus  altering  the  angle  of 
inclination  of  the  mirror  !N.  The  amount  of  motion  of  the  screw  B  to 
give  a  definite  movement  to  the  mirror  N  depends  on  the  position  of  the 
sliding  Qollar  E  on  the  arm  C  D ;  consequently,  by  setting  this  collar  to 
the  proper  graduation  for  the  base  used,  the  one  scale  of  yards  engraved 
on  the  cylinder  A  will  give  the  range  within  the  limits  of  the  gradua- 
tions without  any  calculation  whatever. 

6.  The  fittings  supplied  for  use  with  the  instrument  are : 
{a.)  A  wire  cord,  18  feet  long,  in  a  leather  case. 

{b.)  A  steel  tape,  in  case,  for  occasionally  testing  the  cord. 
(c.)  Three  steel  pickets,  fitted  with  leather  disks  to  render  them  con- 
spicuous.   These  are  carried  in  leather  buckets. 
(d.)  For  mounted  men  two  knee-halt«rs. 

7.  Two  men  are  generally  employed  as  range-finders,  though,  if  neces- 
sary, the  service  can  be  performed  by  one  oi3y. 

Ko.  1  carries  the  instrument  slung  over  his  shoulder  like  a  field-glass, 
one  picket  (when  mounted  strapped  to  the  saddle  on  the  off  side),  steel 
tape  in  case,  and  knee-halter  (if  mounted).  ISo.  2  carries  wire  cord  in 
case,  two  pickets  (when  mounted  strapped  to  the  saddle  on  the  off  side), 
and  knee-halter. 

II. — Manipulation  of  the  instrument. 

1.  The  instrument,  when  in  use,  is  most  conveniently  held  horizontally 
in  the  left  hand,  back  under,  thumb  to  the  left.  It  will  be  seen  that  the 
eye-holes  (R  V)  are  bored  obliquely,  and  they  should  be  so  looked  tlirough, 
as  shown  by  arrows  in  the  plate.  The  numbers  on  the  cylinder  read 
from  right  to  left.  When  nsing  it  to  ascertain  the  length  of  the  base 
A  0  (Fig.  3),  which  is,  under  ordinary  cii-cumstances,  from  60  to  120 
yards  in  length,  the  arrow-head  can  only  point  somewhere  between  the 
600  and  12  (that  is,  1,200).  These  numbers  correspond  respectively  with 
the  6  and  12  on  the  scale  of  bases  C  D  on  the  plate.  If,  for  example, 
the  arrow-head  on  the  cylinder  points  as  in  Fig.  1,  it  would  read  101  J, 
and  would  be  transferred  and  set  on  the  scale  of  basis  as  shown  in 
Fig.  2. 
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2.  In  reading  the  range  on  the  cylinder,  the  numbers  from  500  to  090 
give  the  actual  range  in  yards^  while  those  from  10  to  50,  that  is,  for  the 
remainder  of  the  scale,  express  hundreds  of  yards.  Thus  the  arrow- 
head pointing  to  850  would  indicate  a  range  of  850  yards,  and  when 
pointing  to  23  would  indicate  a  range  of  2,300  yards. 

3.  As  No.  2  does  not  necessarily  know  what  object  !No.  1  is  taking,  he, 
in  the  first  instance,  plants  only  the  picket  A  and  unrolls  his  measuring 
cord.    As  soon  as  he  sees  No.  1  nearly  in  position  he  turns  the  top  of 
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the  picket  A  until  one  of  the  cross  lines  cut  on  it  points  to  IS'o.  1^  and 
roBLS  the  cord  oat  in  the  direction  of  the  other  line,  thus  making  GAB 
roughly  a  right  angle. 

When  No.  1  takes  the  range  by  himself  he  lines  the  picket  B  slightly 
to  the  right  of  the  object,  the  shorter  the  range  the  more  to  the  right. 
JL  good  rule  is  to  run  the  tape  out  in  line  with  the  object,  and  for  a 
orange  of  1,000  yards  plant  the  picket  B  a  full  pace  to  the  left  For  other 
xanges  the  distance  should  be  varied  on  the  principle  above  described. 

It  is  important  that  exactly  the  same  point  of  the  object  (house,  trees, 
&c.)  should  be  observed  from  both  ends  of  the  base,  and  to  insure  this 
the  observer  should  ascertain  what  portion  of  the  object  is  visible  from 
A  (Fig.  3)  before  moving  off  to  C. 

lU. — Adjusting  the  instrument 

The  instrument  will  seldom  require  adjustment,  but  it  should  inva- 
riably be  tested  before  commencing  a  day's  work,  and  corrected  if  neces- 
sary. 

1.  Open  the  lid  by  pressing  the  spring  S,  and  see  that  the  brass  cylin- 
der is  screwed  up  as  far  as  it  will  go,  thus  setting  the  instrument  to  zero. 
Press  the  sliding  collar  E  back  to  the  stop,  that  is,  to  6  on  the  scale,  and 
move  the  arm  I  until  the  screw  I  presses  against  the  sted  block  L. 
When  in  proper  adjustment  the  mirrors  O  and  N  are  now  parallel  and 
by  looking  through  the  eye-hole  V  at  any  sharply  defined  vertical  line, 
such  as  a  pole,  side  of  a  house,  &c.,  some  distance  off  (a  picket  planted 
about  200  yards  off  can  be  used),  two  images  will  be  seen  exactly  over 
one  another,  one  by  direct  vision  through  the  plain  part  of  the  glass  O, 
the  other  by  reflection  in  the  silvered  part  below.  If  these  two  images 
do  not  exactly  correspond  and  the  line  be  broken,  the  instrument  requires 
adjustment. 

2.  To  a(yust  the  instrument,  unscrew  the  key,  apply  it  to  the  square 
shoulder  of  the  screw  I,  and  turn  until  the  two  images  are  in  line.  Move 
the  arm  H I  backward  and  forward  several  times,  replace  it  against  the 
block  L,  and  see  that  the  adjustment  has  been  properly  effected. 

3.  The  length  of  the  wire  cord  should  be  occasionally  tested  by  means 
of  the  steel  tape. 

IV. — Taking  the  range. 

Case  I.  Where  the  base  is  between  60  and  120 
yards.  Suppose  the  distance  from  A  to  O  (Fig.  3) 
to  be  required. 

At  "  Take  the  range,''  !N^o.  2  plants  a  picket  with 
square  leather  head  ana  strut  at  A,  the  flat  side  of 
head  turned  to  the  left  and  the  strut  to  the  rear. 
No.  1  notices  what  portion  of  the  object  he  can  see 
from  A,  goes  off  about  100  yards  to  the  left,*  at 
about  right  angles  to  A  O.  He  opens  the  instru- 
ment, pushes  the  arm  H  I  against  the  stop  K  (by 
moving  the  button  P),  turns  instrument  upside 
down,  and  looks  through  eyehole  E  at  object  O  (Fig. 
3)  through  the  plain  part  of  the  horizon-glass  O.  c 

The  picket  A  will  appear  reflected  in  the  silvered 
part  of  the  glass;  should  it  appear  to  the  right  of 
the  object  he  must  retire;  if  to  the  left,  he  must 
advance,  until  the  picket  A  exactly  coincides  with  (fig.  3.) 

*  If  necewary,  the  rij^ht  angle  can  be  laid  out  to  the  right  and  the  range  taken  to 
the  left,  by  reversing  the  operation  herein  detailed. 
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some  well-defined  portion  of  the  object.  He  then  plants  the  picket  C 
between  his  toes,  and  should  verify  the  accuracy  of  the  observation  by 
resting  his  hand  on  the  top  of  the  picket  and  looking  through  the  instni- 
ment  again ;  any  slight  error  can  then  be  rectified  by  forcing  the  head 
of  the  picket  to  or  from  him. 

No.  1  has  thus  planted  the  picket  C  at  the  right  angle  between  0 
and  A ;  in  other  words,  O  C  A  is  a  right  angle. 

Qe  now  turns  the  box  right  side  up,  pushes  the  arm  H  I  against  the 
stop  L  (by  means  of  the  button  P),  faces  A  with  C  exactly  between  his 
toes,  and  looks  through  the  side  eye-hole  V,  inclining  the  left  end  of  the 
instrument  slightly  downward.  He  will  see  the  two  pickets,  A  andB 
(which  No.  2  has  in  the  mean  time  jjlanted),  through  the  plain  part  of 
the  glass  O,  and  their  reflection  immediately  below  them.  He  turns  the 
cylinder  to  the  left,  with  his  right  hand,  until  lie  makes  the  reflection  of 
the  round-headed  picket  exactly  coincide  with  the  square-headed  picket, 
and  thus  obtains  the  length  of  the  base  A  C,  which  he  reads  on  the 
cylinder.  He  sets  the  sliding  collar  E  to  the  same  number  on  the  brass 
scale  O  D. 

Meanwhile  No.  2,  as  soon  as  he  sees  No.  1  plant  his  picket  at  C,  lays 
one  of  the  cross  lines  engraved  on  the  head  of  the  picket  A  on  C^  hooks 
his  cord  to  A  and  stretches  it  to  the  rear  in  the  direction  given  by  the 
other  line  on  the  head  of  A,  thus  approximately  setting  off  a  right 
angle,  A  0  B.  He  plants  B  at  the  full  extent  of  the  cord,  moves  off  to 
C,  ready  to  bring  in  the  picket  as  soon  as  No.  1  has  completed  the  ob- 
servation, unless  there  are  more  ranges  to  be  taken  from  the  same  spot 

No.  1  moves  to  A.  places  himself  facing  O,  with  the  picket  exactly 
between  his  feet,  puslies  the  arm  H I  against  the  stop  K  as  before,  looks 
through  the  end  eyehole  at  the  object  O,  which  he  will  see  through  the 
plain  part  of  the  glass  O,  the  reflection  of  the  picket  C  being  seen  in 
the  lower,  or  silvered,  part.  He  turns  the  cylinder  with  his  right  hand 
until  the  reflection  of  C  exactly  coincides  with  the  object,  and  reads  off 
the  range  opposite  the  arrow-head  on  the  cylinder. 

When  Nos.  1  and  2  are  mounted,  as  with  the  artillery,  the  knee-halters 
are  used  to  secure  the  horses  while  the  observations  are  being  taken. 

Case  II.  When  the  base  i^  limited  to  under  60  yards.  The  operation 
is  similar  to  Case  I,  with  these  exceptions: 

After  placing  the  picket  C  at  the  right  angle  between  A  and  O,  No.  1 
sets  the  sliding  collar  to  12,  before  making  the  pickets  A  and  B  coincide 
with  one  another,  by  turning  the  cylinder.  He  then  proceeds  as  before. 
The  true  range  is  half  that  finally  reM  on  the  cylinder. 

Case  HI.  When  the  base  is  limited  to  over  120  j-ards.  This  operation 
is  similar  to  Case  I,  with  these  exceptions: 

The  subsidiary  base  A  B  is  made  36  feet  instead  of  18  feet  long  (by 
hooking  the  cord  and  tape  together).  The  true  range  is  double  that 
shown  on  the  cylinder. 

N.  B.  If  the  range  is  under  500  yards,  proceed  as  in  Case  II.  If  over 
3,000  yards,  as  in  Case  III. 

V. — To  use  the  iTistrument  at  judging-distance  drill  instead  of  a  stadioineter. 

This  will  be  found  the  best  way  of  getting  accustomed  to  the  use  ot 
the  instrument,  and  will,  moreover,  be  found  more  accurate  and  expedi- 
tious than  the  stadiometer. 

The  length  of  the  base  thrgwn  out  being  40  yards,  set  the  shding 
collar  E  so  that  the  arrow-head  is  exactly  on  the  mark  8.  Press  the  arm 
H  I  against  the  block  L.    lieflect  the  flag  at  the  left  end  of  the  thrown- 
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out  base  on  to  the  flag  at  the  right  end  by  unscrewing  the  cylinder. 
Half  the  reading  is  the  true  range.  Thus,  if  the  index  pointed  to  1,010 
yards,  the  range  would  be  505. 

VI. — Care  of  the  instrument 

As  before  stated,  the  instrument  is  not  liable  to  get  out  of  adjustment 
if  treated  with  proper  care.  On  no  account  should  any  of  the  small 
screws  be  taken  out  or  meddled  with,  as  such  a  proceeding  is  liable  to 
throw  the  instrument  permanently  out  of  adjustment  and  to  render  it 
worse  than  useless. 

The  mirrors  should  be  wiped  occasionally  with  a  piece  of  clean  chamois 
leather  or  soft  linen;  the  screw  and  all  steel  parts  should  be  kept  care- 
fully oiled  to  prevent  rust. 

Before  attempting  to  shut  down  the  cover,  see  that  the  cylinder  is 
screwed  as  far  as  it  will  go. 


Theory  of  the  instrument. 

The  conditions  required  for  solving  the  range  triangle  C  O  A  are 
that  we  should  know  the  base  C  A  and  the  angle  C  O  A,  the  angle 
AGO  being  always  a  right  angle.  But  inasmuch  as 
we  are  unable  to  get  at  the  point  O  to  measure  the 
angle,  we  must  And  a  line,  A  D,  at  right  angles  to  A 
C,  and  measure  the  angle  D  A  O,  which  is  equal  to 
the  angle  G  O  A.  This  is  done  by  taking  the  range 
with  the  instrument. 

When  the  cylinder  is  set  to  zero  (the  mirrors  being 
set  at  450 ),  the  picket  C  will  be  seen  reflected  in  the 
direction  I)  at  right  angles  to  A  C.    On  the  cylinder 
being  revolved  the  image  moves  to  the  left,  and  is 
brought  to  coincide  with  the  object  O.    The  inclina- 
tion of  the  mirrors  is  a  measure  of  the  angle  O  A  D;  ^ 
but,  as  explained  in  the  description  of  the  instrument,  ^^'   ' 
the  position  of  the  sliding  collar  alters  inclination  of  the  mirrors,  and, 
being  set  to  the  base,  the  cylinder  gives  the  range  due  to  that  base. 

In  measuring  the  base  A  C,  a  small 
range  triangle,  similar  to  O  C  A  in  the  ^'^  -  ^  '•'^ 

previous  flgiu-es,  is  worked  out.    As  we  ^  "^  -  ^  ^  ^ 

are,  however,  in  this  instance,  at  the  ""-- 

station  C,  we  can  obtain  the  angle  A  C 
B,  which  A  B  subtends,  by  reflecting  P^^  5  '" 

the  picket  B  on  to  A.  If,  then,  the  slid- 
ing collar  be  placed  at  the  distance  A  B  on  the  base  scale,  the  cylinder 
will  mark  the  distance  A  ( '.  As  A  B  is  always  6  yards,  the  sliding  collar 
is,  for  this  o])eration,  placed  at  the  mark  6,  representing  60  yards  in  •the 
range  triangle.  The  results  obtained  are,  therefore,  ten  times  the  true 
ones ;  thus  the  same  scale  on  the  cylinder  does  for  both  bases  and  ranges ; 
if  only  in  the  former,  we  divide  by  ten.  It  is  advisable,  however,  always 
to  read  this  scale  as  for  ranges,  multiplying  the  base  scale  on  the  brass 
bar  by  ten,  so  as  to  avoid  confusion.  Thus  a  base  of  100  yards  would 
be  read  as  1,000  yards,  and  the  shding  collar  set  at  10.  If  a  tape  of  10 
yards  be  used,  the  same  result  for  A  0  would  be  obtained  by  setting  the 
sliding  collar  to  the  mark  10  before  reflecting  the  image  of  B  on  to  A. 
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Suppose  O  an  object  distant  1,000  yards,  A  C  a  base  of  120  yards, 
and  D  C  a  base  of  60  yards.    The  angle  A  O  C  will  be  double  the  augle 
DOC,  and,  generally,  if  A  C  =  n  D  C,  the  angle  A  O  C  =» 
times  the  angle  DOG. 

As  there  is  only  one  given  position  of  the  cylinder  and  screw 
for  any  given  range,  some  arrangement  had  to  be  devised  by 
which  the  inclination  of  the  mirrors  might  be  altered,  irre- 
spective of  the  screw,  so  a«  to  cause  them  to  assume  a  greater 
inclination  for  a  large  base  than  for  a  small  one. 

This  is  arrived  at  by  means  of  the  arm  0  D  (Plate  I),  with 
the  sliding  collar  E  bearing  against  the  arm  F  G.  As  these 
two  arms  pivot  at  Nand  G,  it  is  evident  that  the  farther  the 
slide  is  away  fiM)m  G  the  greater  will  be  the  movement  of  the 
arm  F  G  (and  consequently  of  the  mirror  fixed  to  it)  for  any 
definite  movement  of  the  screw  B. 

The  principle  by  which  a  right  angle  is  obtained,  when  the 

mirrors  are  inclined  at  45^  to  one  another,  will  be  found  in  any 

elementary  books  on  surveying  or  optics.    The  fact  of  there  being  two 

eye-holes  does  not  affect  the  principle;  it  was  devised  in  order  to  reduce 

the  instrument  into  the  smallest  possible  limits. 

The  foregoing  description  was  furnished  with  the  instrument. 

TESTS  IN  ENOLAND- 

This  instrument  was  tried  with  very  satisfactory  results  in  England  by 
the  committee  on  range-finding  instruments,  and  has  been  adopted  in 
that  country  for  field  purposes. 

In  the  English  tests  a  mean  of  22  observations  by  two  men  gave  2'  23" 
as  the  average  time  required  for  an  observation ;  the  time  varying  from 
V  60^'  to  3'. 

The  mean  error  of  11  observations  taken  by  Captain  Watkins  himseK 
was  10.7  yards,  or  0.48  per  cent,  of  the  mean  range. 

RESULTS  AT  SANDY  HOOK. 

The  instrument  was  tested  at  Sandy  Hook  June  19  and  August  22, 
1879,  with  the  following  results : 


ActoAl. 

By  instm- 
ment. 

Error. 

Base-line. 

Time. 

Bemarks. 

Tardt. 

Tardt. 

Tardi. 

Tardi, 

1 

900 

910 

+  10 

97i 

Not  taken. 

Time^  marked  with  *  taken  as  fast  as  possi- 
ble; in  others,  length  of  baso-Une  walked. 

2 

1,000 

1,025 

+  25 

100 

*4'  20" 

Actaal  time  occiipieil  in  mnningover  a  base- 
line of  110  yards  and  retm-ning,  1'  10". 

8 

1,200 

1,185 

-  15 

123| 
123i 

♦3'  40" 

4 

1,300 

1,330 

•f  80 

•3/  i5i/ 

• 

5 

1,600 

1,600 

None. 

123| 

♦3'    0" 

6 

•    1,700 

1,740 

H-  40 

1181 

Not  taken. 

7 

1.500 

1.450 

-  60 

117 

4t 

8 

1,400 

1,345 

-  55 

112| 

II 

9 

1,300 

1,285 

-  15 

115 

li 

10 

1.100 

1,100 

None. 

128 

tl 

1 

800 

772 

-  28 

60^ 

Not  taken. 

2 

900 

968 

-  32 

73i 

t( 

3 

1,000 

984 

-  16 

671 

4'  20" 

4 

1,100 

1, 059 

-  41 

63 

*3'  43" 

5 

1,300 

1,289 

-  11 

115 

6'  13" 

6 

1,400 

1,362 

-  38 

106} 

6'  33" 

7 

1,300 

1,472 

-  28 

115 

♦3/  40// 

8 

1,700 

1,679 

-  21 

108i 

•3'  13" 

■ 
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A  mean  of  the  seven  observations  taken  rapidly  by  the  same  two  men 
gave  3'  33"  as  the  average  time  reqnired  to  calculate  a  distance.  This  time 
exceeds  that  obtained  in  England  by  1'  KK',  but  this  is  undoubtedly  due 
to  the  £iEU5t  that  the  observations  at  Sandy  Hook  were  taken  by  inex- 
perienced men,  who  probably  had  not  used  the  instrument  a  half  dozen 
times  previously.  Again,  the  Sandy  Hook  observations  were  taken 
over  a  very  uneven  sandy  beach  in  a  hot  glaring  sun.  It  was  found 
that  the  actual  time  occupied  in  getting  over  the  base-Une  alone  was 

CONCLUSIONS. 

It  will  be  observed,  in  conclusion,  that  the  instrument  has  really  three 
separate  operations  to  perform — ^lirst,  to  establish  a  right  angle,  then  to 
get  the  length  of  the  base-line,  and  Anally,  after  returning  to  the  initial 
point,  to  get  the  range. 

The  length  of  time  necessary  to  get  an  observation  varies  with  the 
conditions  of  the  ground,  and  the  accuracy  of  the  observation  will  of 
course  depend  upon  the  skill  and  care  of  the  observer  as  well  as  the 
conditions  of  the  atmosphere.  The  advantages  of  this  instrument  are 
that  it  is  light,  portable,  easily  worke<l.  and  can  be  tested  and  adjusted 
in  a  few  moments  by  any  person  of  oroinary  intelligence.  It  indicates 
the  range  directly  without  calculation ;  no  vernier  is  used — the  only 
graduation  being  the  simple  scales  of  the  length  of  base  and  ranges  in 
yards.  It  is  cheap  as  compared  with  other  range-finders,  the  cost  being 
about  £7. 

One  man  can  take  an  observation,  but  for  convenience  and  rapidity 
two  men  are  preferred.  The  accuracy  of  the  instrument  for  all  ordinary 
artillery  distances,  say  up  to  3,000  yards,  is  very  satisfactory. 

It  has  the  drawback,  however,  of  necessitating  the  use  of  a  right  an- 
gle, but  this  disadvantage  is  greatly  reduced  by  the  facility  of  working 
with  different  lengths  of  bases,  the  ease  with  which  the  base  can  be 
changed,  and  the  fact  that  the  instrument  itself  is  used  as  an  optical 
square,  thus  doing  away  with  the  necessity  of  a  separate  instrument. 

It  is  believed  that  the  conditions  of  the  ground  and  atmosphere  for 
taking  accurate  observations  could  not  have  been  much  more  unfavor- 
able than  on  the  days  when  the  ranges  at  Sandy  Hook  were  taken. 


THE  BERDAN  TELEMETER. 

Plate  n. 

Translated  from  the  Revue  WArtiUerie  of  October  y  1877. 

The  Bordan  range-finder,  already  tested  in  Germany  in  1875  and  1876, 
was  int>ended  to  have  been  submitted  this  year  by  the  commission  for 
experiments  with  artillery  to  some  new  tests.  The  attention  paid  this 
instrument  by  the  German  artillery,  as  well  as  the  notoriety  the  name 
of  its  inventor  J  the  American  General  Berdan,  known  for  some  time  by 
his  small-arm  inventions,  possessed,  explains  sufficiently  the  reproduc- 
tion in  the  Revietc  of  the  following  description  taken  from  the  Engineer, 
It  will  be  noticed  elsewhere  that  the  instrument  described  in  the  Engi- 
neer differs  in  several  points  fix)m  the  one  tested  in  Prussia^  the  inventor 
having  produced  in  succession  many  improvements  of  which  the  Eng- 
lish re\iew  gives  no  details. — Editor  of  the  Review. 
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It  is  proposed  with  the  Berdan  range-finder,  as  with  the  majority  of 
instruments  intended  for  the  same  use,  to  determine  the  side  of  a  right- 
angled  triangle  whose  base  is  known  by  measuring  the  angle  at  the 
apex. 

Let  b  be  the  base.  One  can  measure  on  the  side  A  B  (Plate  II,  Fig. 
1),  a  certain  number  of  distances,  of  which  the  constant  difference  i»  m, 
corresponding  in  range  to  svccessive  notches  of  the  sight. 

K  A  B  =  c  is  the  smallest  distance,  the  following  results:  c  +  w,  c+2 

M ,    and  the  greatest,  c  +  n  m.    Tlie  angles  at 

the  apex  corresponding  are  given  by  their  tangents: 

tang.  B  =  - 
tang.  Bi  = 


c  +  M 


tanff.  Bn  = 


c  +  nm 

One  is  able  to  measure  in  practice  these  different  angles  by  prolonging 
to  the  rear  of  the  point  0  the  hjT)othenuse  of  each  triangle  as  far  as  the 
arc  of  a  circle  described  from  the  point  0  with  a  radius  Z.  (Fig.  2.)  We 
obtain  in  this  way  the  points  0  .  1,  2  ....  /^  and  the  arcs  OD, 
ID,  2D  —  «D,  or  X,  Xi,  X2— Xn,  measuring  the  angles  B,  Bi,  B2  —  B«. 

If  it  is  desired,  for  example,  to  measure  some  infantry  distances:* 

C  =    300  meters. 

» 

m  =      50  meters, 
c  -f  n  m  =  1,600  meters. 

If  we  take  6  =  2  meters  and  I  =  0.4",  we  have: 

tang.  B   =  ^  =  0.00666,  B  =  22'  55'' 
tang.  Bn  =  T^oD  =  0.00125,  B^  =  4'  17" 
angle  (X  -  X„)  =  B  -  B^  =  18'  38" 

Upon  a  circumference  whose  radius  is  1  this  angle  intercepts  an  arc  of 
1118  X  0.000004848,t  which  is  0.00542;  for  a  radius  of  400  milUmetew, 
X  -  Xn  =  0.00542  X  400  =  2.168"™. 

*  Ou  the  Hupposition  that  the  Anuy  has  a  gun  whose  sight  is  graduated  from  50  to 
50  meters  between  the  limits  of  300  and  1,600  meters,  and  a<lmitting  that  in  firing  at 
distances  less  than  300  meters  the  maximum  ordinate  of  the  trsijectory  is^ufflciently 
small  to  do  away  with  the  necessity  for  recourse  to  an  exact  measure  of  the  distance. 

1 0.000004848  is,  in  decimal  parta  of  the  radius,  the  value  of  the  arc  of  1". 
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These  arcs  are,  moreover,  sufficiently  small  to  enable  one  to  substitute 
for  their  lengths  those  of  their  tangents,  and  to  form  the  following  table 
^without  recourse  to  trigonometrical  tables: 


Distances  in  meters. 

Tangents. 

Arcs. 

DifTeroncea. 

tf  1  c  4-  m, . . . .  e  +  n  m 

tang.  B,  Bi. . . .  .  B.. 

• 

JLf  ^l|  -X^  •  •  •  •  JLm» 

X— Xi.  Xi.— Xs  .... 
X^i-X-. 

MiUim. 

Mmim. 

300 

0.006806 

2.067 

0.381 

350 

0. 005714 

2.286 

0.28G 

400 

0.005000 

2.000 

0.223 

430 

0.004440 

1.777 

0.177 

500 

0.0040UO 

L600 

0.146 

STK) 

0.003636 

1.454 

0.121 

600 

0.003333 

1.333 

0.103 

630 

0. 003076 

1.230 

a087 

700 

0. 002857 

1.143 

!                     0.077 

750 

0.002G66 

1.066 

!                     0.066 

800 

0.002.'>00 

1.000 

0. 059 

850 

0.00?353 

0.941 

1                     0.053 

900 

0.0022*i2 

0.888 

1                     0.046 

930 

0. 002105 

0.842 

'                     0.  M2 

1.000 

0.002000 

0.8U0 

0.038 

1.050 

0. 001905 

0.762 

1                      0. 035 

1,100 

0. 001818 

0.727 

0.032 

1.150 

0.  001739 

0.695 

0.029 

1.200 

0.001866 

0.666 

0.026 

1,250 

0.001600 

0.640 

1                     0.025 

1,300 

0.001539 

0.615 

0.022 

1,  ar^) 

0. 001481 

0.593 

0.021 

1.400 

0. 001428 

0.572 

!                     0.020 

1.450 

0.001380 

0.552 

0.019 

1.500 

0.001333 

0.533 

0.017 

1,550 

0.001290 

0.516 

0.016 

1.600 

0.001250 

0.500 

2.167 

One  sees  definitely  that  while  rapidly  measuring  the  arcs  X,  Xi,  X2, 
the  corresponding  distance  will  be  at  the  same  time  determined. 

Among  instruments  already  known  a  great  number  measure,  in  the 
same  way,  angles  by  a  single  observation,  unfortunately  too  long  to  be 
practically  possible  on  the  field  of  battle.  The  essential  conditions  are 
great  rapidity  and  accuracy  in  connection  with  the  graduation  of  the 
sight. 

The  range-finder  invented  by  General  Berdan  satisfies  these  conditions 
by  reason  of  the  advantages  which  it  presents.  So  far  it  does  not  seem 
to  be  objected  to  in  Germany,  where  it  is  very  much  appreciated,  either 
by  its  net  cost  (about  25,000  francs)  or  by  its  large  size,  which  it  owes 
in  part  to  its  two  telescopes,  astronomical  instruments  of  great  power, 
about  5  feet  long  (1"'.52),  and  provided  with  object-glasses  4  inches 
(0".10)  in  diameter.  Some  improvements  in  details  have  been  made  in 
it,  however,  which  have  not  so  far  been  made  public.  The  apparatus 
consists  essentiaUy  of  two  telescoi>es,  connected  by  a  fixed  base,  one  of 
which  can  be  moved  without  altering  the  length  of  the  base.  This  dis- 
placement can  be  measured  by  a  micrometer  which  gives  immediately 
the  distance  on  the  scale  when  thei)ointing  of  the  second  telescope,  upon 
the  same  point  of  the  object  at  which  the  first  one  is  directed,  is  com- 
pleted. The  micrometer  screw  which  produces  and  measures  the  dis- 
placement of  the  movable  telescope  has  a  movement  equal  to  the  total 
arc  X— Xn.  It  is  provided  with  a  large  head  or  drum,  the  circumfer- 
ence of  which  is  divided  in  n  parts  proportionately  to  the  area  X— Xi, 

X— X2 Xni— Xq.    Each  division  corresiionds,  therefore,  to 

one  of  the  distances  c,  c  -f  w,  c  -f  2m c  +nm. 

The  only  precaution  to  be  taken  is  to  give  to  the  head  of  the  screw  a 
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sufficiently  large  radius  that  the  division  of  the  scale  nearest  n— 1  and 
n  may  be  sufficiently  distinct  Fig.  3  is  a  plan  of  the  apparatus.  Fig. 
4  is  a  vertical  section  through  its  length ;  the  two  ends  of  the  cover  are 
turned  back  and  the  instrument  arranged  for  the  operation.  Fig.  5 
shows  the  box  closed  for  transportation.  Figs.  6,  7,  8,  9,  10,  and  11 
represent  on  a  larger  scale  the  principal  parts  of  the  apparatus.  These, 
of  which  it  is  proper  to  first  speak,  are  the  two  telescopes  A  and  B,  of  a 
construction  as  perfect  as  possible  for  an  optical  instrument ;  the  right 
one,  B,  remaining  fixed  during  the  operation,  while  the  other,  A,  can  be 
turned  horizontally  around  pivots  ai  (h  placed  at  the  forward  part. 

The  two  telescopes  are  connected  by  a  rigid  system  of  stems  or  tubes, 
C  C ;  one  bar  or  tube,  L,  having  a  parabolic  profile  and  a  section  in 
the  form  of  a  cross,  by  two  cross-pieces, /<;,  and  four  collars,  hcdt 
The  horizontal  bar  C,  which  serves  as  the  axis  of  rotation  of  the  system 
of  the  two  telescopes,  is  supported  by  two  sleeves,  D  and  E,  and  secured 
by  the  collars,  which  prevent  the  displacement  of  the  whole  in  the  direc- 
tion of  its  length.  The  sleeve  D,  in  which  the  lett  end  of  the  axis  C  is 
able  to  turn  horizontally,  can  itself  turn  on  the  vertical  pivot  h  (Fig.  6). 
It  is  thus  that  this  pivot  serves  to  center  the  displacement  of  the  sleeve 
E  and  of  the  whole  system.  The  lower  part  of  the  support  of  the  sleeve 
E  is  guided  upon  the  portion  of  the  circumference  I  I,  described  about 
the  pivot  /*  as  a  center ;  it  rests  on  the  arc  1  I,  through  three  small 
rollers,  2  2  (Figs.  9  and  11),  and  can  be  secured  there  by  means  of  the 
pressure-screw  Z.  To  this  part  of  the  support  is  secured  a  screw.  L 
(Fig.  9),  turning  in  a  screw-nut.  A;,  and  acting  upon  the  upper  movaole 
part  of  the  support  H,  against  the  lower  part  of  which  the  screw-nut  l* 
is  supported.  The  upper  part  of  the  support  H  is  sustained  from  the 
opposite  side  by  the  heatl  N  of  the  spiral  spring  Ej,  contained  in  the 
muff  M ;  two  rollers  facilitate  the  movement,  and  the  accurate  pointing 
of  the  telescope  B  is  thus  obtained.  The  latter  is  able,  however,  to  turn 
around  a  horizontal  axis  placed  at  the  collar  d ;  this  disphicement  is  regu- 
lated by  the  two  screws  K  connected  with  the  collar  e,  and  permits  5ie 
adjustment  of  the  horizontal  threads  of  the  two  telescopes. 

The  whole  system  has  thus  a  vertical  movement  around  the  axis  C 
C,  together  with  a  horizontal  movement  around  the  pivot  h.  The  two 
telescopes  A  and  B  are  thus  moved  at  the  same  time  and  to  the  same 
extent  horizontally  and  vertically.  This  simultaneous  movement  is  of 
great  importance,  as  much  so  for  rapidity  and  exactness  of  the  observa- 
tions, as  for  simplicity  of  construction  of  the  instrument. 

In  addition  to  this  the  telescope  A,  by  an  independent  movement,  is 
able  to  turn  around  the  pivot  ai  (h  placed  at  its  forward  part.  Each 
telescope  has  an  eye-glass  moved  by  a  rack  and  pinion  for  large  and 
small  distances.  The  principal  point  of  the  operation  is  to  diiict  the 
vertical  thread  of  the  telescope  B  upon  some  part  of  the  fixed  object 
whose  distance  is  to  be  measured,  and  then  to  direct  the  vertical  thread 
of  A  exactly  upon  the  same  point. 

K  the  two  lines  of  sight  were  adjusted  before  the  commencement  of 
these  operations  so  as  to  intersect  exactly  at  the  shortest  distances,  the 
arc  described  by  the  telescope  A  around  ay  a^  wiU  indicate  the  distance 
sought. 

The  measure  of  this  arc  can  be  given  by  a  differential  screw^r  by  a 
simple  micrometer  screw,  as  shown  in  the  drawing.  The  spiral  spring 
Ri  (Fig.  7)  preserves  the  contact  of  a  steel  point,  fixed  to  tlie  telescope 
A,  against  a  steel  plate  which  terminates  the  micrometric  screw  S.  The 
latter  is  seciuH3d  to  the  cross-bar/,  but  in  such  a  way  as  to  permit  the 
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necessary  displacement  in  order  to  adjast  the  instrament  to  the  short- 
est distance. 

The  dimensions  of  the  drum  T  correspond  to  the  extremities  of  the 
arcs  d?,  X.J  .  .  .  Xny  and  consequently  to  the  distances  to  be  measured ; 
an  index,  U,  showing  immediately  in  each  case,  by  a  simple  reading,  as 
soon  as  the  telescope  A  is  at  rest,  the  distance  sought.  The  di\ision8 
run  from  50  to  50  meters,  as  those  of  tMB  sights  of  small  arms  and  of 
cannon.  The  instniment  can  be  tran8i)orted  by  two  men,  the  box  hav- 
ing handles  like  a  hand-barrow,  or  it  can  be  placed  on  a  wagon  which 
can  be  attached  to  an  artillery  caisson. 

To  fix  it  in  position  it  is  sufficient  to  droi>  the  hinged  legs,  which  take 
an  oblique  direction,  as  shown  in  Fig.  4.  The  two  ends  of  the  box, 
secured  by  the  hinges  x  x^  are  then  turned  back.  The  vertical  thread 
of  B  is  pointed  on  the  edge  of  an  object  placed  at  300  meters,  and  the 
telescojie  A  adjusted  in  the  direction  of  the  same  point ;  then  the  hor- 
izontal threads  are  made  to  cx)rre8pond  by  moving  the  screw  Jc  on  the 
collar  e  (Figs.  9  and  10).  Thus  adjusted  the  apparatus  is  ready  for  serv- 
ice: first,  the  telescope  B  is  pointed  upon,  the  object  whose  distance  is 
to  be  measured,  then  the  telescope  A,  by  turning  the  micrometric  screw ; 
the  coincidence  obtained,  the  index  IT  indicates  the  distance  sought. 
The  instrument  represents  a  base  of  2  meters ;  it  measures  and  marks 
distances  from  300  meters  to  1,800  meters  to  about  25  meters,  and  up 
to  3,000  meters  to  50  meters.* 

The  dimensions  should  change  with  the  range  of  the  arms  with  which 
the  firing  is  made.  About  10  seconds  is  necessary  to  arrange  the  in- 
strument on  the  field  of  battle.  The' measure  of  each  distance  requires 
from  10  to  15  seconds.  The  arrangement  above  described  is  that  which 
gives  the  best  results;  this  can  be  varied,  however,  by  keeping  the 
micrometric  apparatus  in  the  condition  shown  above. 

The  following  systems  have  been  tried  to  measure  the  angle  described 
by  the  telescope  A  around  ai  azi  1st.  A  circular  disk  provided  with  a 
screw,  each  turn  of  which  corresponds  in  length  to  one  of  the  distances 
to  be  measured;  the  ends  will  form  a  spiral;  the  disk  has  connected 
with  it  a  turning  dnim,  the  upper  face  of  which  is  graduated  horizon- 
tally. 2d.  An  eccentric  disk  acting  against  a  small  roller  attached  to 
the  telescope  A;  the  eccentricity  is  equal  to  the  largest  arc  described; 
the  disk  is  graduated  upon  its  plane  face.  3d.  A  wedge  which  works 
between  a  small  roller  attached  to  the  telescope  A  and  a  fixed  slide-bar 
or  guide.  The  employment  of  the  wedge  has  given  measurements  suf- 
ficiently exact  and  easy. 

The  micrometer,  however,  represented  in  Figs.  6  and  7  appears 
preferable  as  easier  to  manage  without  danger  of  deranging  the  point- 
ing. Any  one  of  these  micrometric  arrangements  can  be  equally  well 
applied  to  a  telemeter  composed  of  two  telescopes  connected  in  a  fixed 
and  unchangeable  manner.  But  if  such  an  arrangement  be  adopted,  in 
pointing  the  second  telescope  the  first  one  is  carried  along  with  it,  in 
consequence  of  which  the  verification  of  the  initial  direction  is  prevented. 

It  is  then  a  serious  inconvenience  which  is  avoided  in  the  instrument 
the  description  of  which  has  been  given. 

Extract  from  the  Engineer,  by 

P.  DOMBRE, 
Captain  of  Artillery. 

*  Kecout  improveineut«  permit,  it  is  said,  the  mexusuring  of  distauces  as  high  aa  6,000 
meters,  the  error  in  estimating  committed  being  less  than  the  average  error  in  range 
of  artillory  now  in  nsc. 
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EXPERIMENTS  IN  PRUSSIA  WITH  THE  BERDAN  TELEMETER. 

{Translated  from  the  Eevue  cPArtillerie  o/Aprilj  1878.) 

This  telemeter  was  described  iu  the  October  number  of  1877  of  the 
Revue  WArtillerie^  from  au  article  in  the  Engineer. 

The  model  tested  in  Fruss^  is  a  little  different  from  the  one  pre- 
viously described,  but  the  geometrical  principles  and  its  general  arrange- 
ments are  the  same. 

The  instrument  consists  externally  of  a  movable  box  4  meters  long, 
1".52  wide,  and  about  0'".30  high,  which  is  transported  on  another  box 
mounted  on  four  wheels. 

From  experiments  made  at  Mariendorf,  near  Berlin,  on  the  8th  of 
March  last,  in  the  presence  of  delegates  and  military  attaches  of  high 
rank,  it  appears  that  the  rapidity  of  putting  in  position  and  measuring 
is  very  great,  since  the  whole  of  the  two  operations  only  required  from 
15  to  20  seconds;  in  spite  of  unfavorable  weather  the  measurements 
made  were  extremely  precise.  At  1,573  meters  there  was  no  difference 
between  the  exact  and  the  instrument  measurements;  at  2,194  meters 
there  was  only  an  error  of  1  meter. 

Later  experiments,  made  on  the  19th  of  March,  had  for  their  object  the 

S roving  of  the  solidity  of  the  instrument  and  the  measurement  of  the 
istances  of  moving  objects.  An  object  at  1,640  meters  was  chosen,  and 
the  instrument  with  four  horses  attached  was  made  to  cross  a  trench 
four  times.  The  telemeter  stood  the  test  perfectly,  because,  as  proving 
it,  in  spite  of  these  shocks  it  measured  a  distance  of  1,640  to  1,641  meters. 
Different  persons  then  measured  the  distance  to  a  mounted  officer  who 
w^as  manoeuvring  a  company ;  the  instrument  gave  from  1,550  to  1,560 
meters.  Afterward  the  distance  at  which  the  men  were  was  taken,  and 
the  instrument  indicated  from  1,570  to  1,580  meters. 
{AUgemeine  Militdr  Zeitung  et  National  Zeitung.) 


THE  IMPROVED  TELEMETER,  BERDAN. 

[Translated  from  the  Revue  WArtillerie  of  May  ^  1879.) 

Plate  III. 
Gei^many — Telemeter — Berdan. 

General  Berdan  has  recently  modified  his  telemeter  for  garrison  and 
sea-coast  service,  and  constructed  a  new  model  intended  for  field  and 
mountain  artillery. 

This  last  instrument  is  constructed  upon  the  same  optical  principle  as 
that  which  was  applied  in  the  telemeter  of  great  range.  The  inventor 
rightly  thought  that  his  first  telemeter  was  too  heavy  for  field  and 
mountain  batteries,  and  endeavored  to  make  this  instrument  lighter, 
more  easily  handled,  and  cheaj)er.  The  telemeter  represented  in  ^Plate 
III)  Figure  1  is  the  old  instrument  modified ;  it  is  Called  Ko.  6  m  the 
series  of  General  Berdan's  essays.  In  this  model  the  box  can  be  turned 
in  all  directions  independently  of  the  wagon. 

The  instrument  has  a  fixed  base  of  4  meters;  two  telescopes  of  1".50, 
with  object-glasses  90"™  in  diameter,  and  a  reckoner  which  indicates 
directly  distances  up  to  10,000  meters.    The  author  asserts  that  it  only 
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takes  30  seconds  on  an  average  to  estimate  distances,  and  that  the  errors 
of  observation  are  less,  even  for  movable  objects,  than  the  average  error 
in  range  resulting  from  the  precision  of  fire  of  artillery. 

This  instrument,  although  more  powerful  than  the  one  described  pre- 
viously (Revue  WArtillerie  of  October,  1877),  and  more  easily  handled, 
in  consequence  of  the  rapidity  with  which  the  first  telescope  can  be 
directed  upon  the  object  to  be  sighted,  is  still  too  cumbersome  for  service 
with  field-batteries,  and  should  be  reserved  for  garrison  and  sea-coast 
batteries.  Telemeter  No.  7  (Plate  III,  Figures  2  and  3)  is  of  smaller 
dimensions ;  it  is  quite  i)ortable.  Figure  2  represents  it  packed  up,  the 
box  and  the  instrument  on  one  side  of  the  horse  and  the  folding-stand 
balancing  them  on  the  other  side. 

In  Figure  3  the  instrument  is  in  position  ready  for  use.  It  has  a  base 
of  1".33 ;  the  telescopes  are  1™.12  long,  and  the  reckoner  is  graduated 
up  to  6,000  meters.  For  transiwrtation  the  telescopes  are  i)acked  in  the 
direction  of  the  length  of  the  instrument. 

The  power  of  this  telemeter  is  one-half  that  of  No.  6 ;  one  operation 
occupies  about  30  seconds.  The  weight  of  No.  7  is  only  70  kilometers 
(154  pounds),  while  that  of  No.  6  is  about  1,000  kilometers  (2,200  pounds). 
No.  7  is  therefore  suited  to  field  and  mountain  batteries,  as  well  as  for 
observation  on  shipboard. 

The  inventor  is  now  working  at  a  telemeter  for  infantry.  This  instru- 
ment (which  will  be  called  No.  8)  will  be  on  the  same  plan  as  No.  7,  but 
smaller  and  lighter.  It  can  be  carried  on  the  field  of  battle  by  means 
of  a  hand-barrow  by  the  pioneers  charged  with  the  observations. 

General  Berdan  thinks  that  the  very  high  price  of  his  instrument  • 
ought  not  to  be  considered  in  the  choice  of  a  telemeter,  in  consequence 
of  the  advantages  which  result  from  the  exaxit  determination  of  dis- 
tances. It  is  impossible,  in  his  opinion,  to  construct  a  practical  instru- 
ment smaller  and  cheaper,  for  he  thinks  it  absolutely  necessary  to  have 
a  fixed  base  and  a  reckoner ;  now  the  fixed  base  being  always  tolerably 
small  ^4  meters  at  the  most),  involves  necessarily  the  employment  of 
powerful  telescopes. 


NOLAN'S  RANGE-FINDER. 

Plates  IV,  V,  and  VI. 

The  principal  paits  of  Nolan's  range-finder  are — 

1.  Two  instruments  for  measuring  angles. 

2.  One  tape-line. 

3.  One  reckoning  cylinder. 

Each  of  the  two  instruments  consists  of  two  telescopes,  which  lie 
crosswise  one  above  the  other  under  an  angle  of  about  90^;  the  smaller 
of  the  two  has  a  long  arm,  with  a  vernier  at  one  end  ]  to  the  other  a 
sector  is  fastened,  which  is  divided  up  into  degrees. 

By  means  of  a  screw,  an  angle  of  about  20°  can  be  described  by  the 
npper  or  smaller  telescope. 

The  reckoning  cylinder  consists  of  a  solid  body  and  two  rotating 
rings.    The  lower  ring  and  the  lower  edge  of  the  body  are  divided  into 

Francs. 

*  Telemeter  No.  6,  with  carriage 25,000 

Telemeter  No.  6,  without  carnage 20,000 

Telemeter  No.  7 5,000 

Telemeter  No.  8 3,750 

25  OBD 
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100  equal  parts.  On  the  upper  ring  are  the  logarithms  of  the  figures, 
and  on  the  upper  edge  of  the  body  are  the  logarithms  of  the  signs,  from 
6"  up  to  2o  15', 

To  find  the  range,  the  instnunents  on  their  tripods  are  arranged  at 
the  end  of  the  assumed  base-line,  which  is  perpendicular  to  the  range; 
or  the  instruments  may  be  attached  to  the  right  and  left  guns  of  a  \ki- 
tery.  The  long  telescopes  are  turned  toward  the  object  whose  distance 
is  to  be  found ;  the  sm^er  ones  upon  each  other,  and  the  cross-threads 
of  each  made  to  cover  the  cross-lines  on  the  leather  disk  ttoough  which 
each  small  telescope  points.  The  coincidence  obtained  by  directing  tte 
longer  telescope  on  the  object,  the  two  angles  at  the  base  are  determined; 
the  base-line  being  measured,  one  side  and  two  angles  of  the  triangle 
are  obtained.  With  this  data  recourse  i^  then  h^  to  the  reckoniDg 
cylinder.  The  arrow  marked  "band''  is  set  on  the  figure  that  corre- 
sponds with  the  distance  between  the  instruments  or  base-line — say  U 
yards;  then  set  the  arrow  on  the  lower  ring  on  the  figure  corresponding 
with  the  angle  found  through  the  instrument — say  ld<^;  then  find  the 
figure  for  the  number  of  degrees  of  the  other  angle — say  42^  on  the 
lower  ring.  Just  above  that  is  the  figures  60  on  the  other  division  of 
the  lower  ring ;  coinciding  with  this  on  the  lower  edge  of  the  upper  ring 
is  the  distance,  1,320  yards.  The  bases  used  are  from  30  to  40  yards  for 
a  range  of  3,000  yards  and  over. 
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APPENDIX  Y. 

SHOWING  STATIONS  AND  DUTIES  OF  THE  OFFICERS  OF  THE  ORDNANCE 

DEPARTMENT  ON  THE  1st  OF  OCTOBER,  1879. 


Kauk  and  name.  Duty. 


JiUIOADlKK-t.EXEi{AL. 

Stephen  V.  Benet Ciiikk  of  Ordnance. 

COIX)XELS. 


1.  P.  V.  Hhgner,  brevet  brigadier  geneml. 

2.  T.  T.  8.  £aidloy.  brevet 

3.  J.  G.  BentoD,  brevet 


Commanding  the  Watervliet  Arsenal. 
Commanding  the  Watertown  Arsenal. 
Commanding  the  National  Armory. 


UEUTENAXT-C0L0NEL8. 


1.  J.  McAllister,  brevet  colonel Commanding  the  Benicia  Arsenal. 

2.  S.  Crispin,  brevet  colonel Commanding  the  Ordnance   Agency;  President  of  the- 

Ordnance  Board,  and  Constructor  of  Ordnance. 

3.  T.  6.  Baylor,  brevet  colonel Commanding  the  New  York  Arsenal,  and  member  of  the- 

I      Ordnance  Board. 
4   J.  M.  Whittemore Commanding  the  Frankford  Arsenal. 

MAJORS. 

J .   A.  R.  Buffington,  brevet Commanding  the  Allegheny  Arsenal. 

2.  D.  W.  Flagler,  bvt.  lieatenant-colonel. .  i  Commanding  the  Kock  Island  Arsenal. 

3.  A.  Mordecai,  brevet  lieutenant-colonel  !  Instructor   of  Ordnance   and    Gunnery,   U.  S.  Military 

i      Academy. 

4.  S.  C.  Lyford.  brevet  Uentenaut-colonel . .    On  duty  iii  the  office  of  the  Chief  of  Ordnance. 

5.  F.  H.  Parker,  brevet Commanding  tho  Atlantic  Powder  Depot. 

6.  J.  P.  Farlev Commanding  the  Kennebec  Arsenal. 

7.  L.  S.  Babbitt Commanding  the  Fort  Slonroe  Arsenal. 

^.   W.  A.  Marve Commanding  the  Aucusta  Arsenal. 

9.  L  Arnold,  jr    Commanding  the  Indianapolis  Arsenal. 

10.   C  Comly Commanding  the  San  Antonio  Arsenal,    and  Chief  Ortl- 

nance  Ofticer  Department  of  Texas. 

CAITA1X8. 

1.  J.H.Rollins,  brevet* Assistant,  Watervliet  Arsenal  (on  sick  leave  of  absence 

for  one  vear  from  May  1,  1879.) 

2.  J.  R.  McGinness,  brevet  major '  Comraanifing  the  Saint  Louis  Powder  Depot. 

3.  G.  W.  McKee,  brevet  nnyor Commanding  the  Washington  Arsenal. 

4.  F.  H.  Phipps,  brevet Recorder  of  the  Ordnance  Board. 

5.  J.  W.  Reilly ,  brevet Chief  Ordnance  Officer  Military  Division  of  the  Missouri. 

6.  J.  A.  Kress,  brevet  major ,  Commanding  the  Vancouver  Arsenal,  and  Chief  Ordnance 

( >tticer  Department  of  the  Columbia. 

7.  O.  E.  Michaelis,  brevet Chief  Ordnance  Officer  Department  of  Dakota. 

8.  W.  Prince,  brevet Sick  leave  of  absence  for  one  year  from  June  5,  1879. 

9.  C.  £.  Dutton Secretai-y  of  the  Public  Land  Commission,  Department 

;      of  the  Interior. 

10.  J.G.Butler '  Assistant,  Watervliet  Arsenal. 

1 1.  C.  Bryant '<  Assistant  to  the  Constnictor  of  Ordnance. 

12.  A-L.  vamey Assistant,  Wat<»rvliet  Arsenal. 

13.  J.  C.  Clifford Assistant,  Rock  Island  Arsenal. 

14.  KM  Wright. Assistant,  Frankford  Arsenal. 

15.  J.  E.  Greer Assistant,  National  Armory. 

16.  J.  Pitman Assistant,  Watertown  Arsenal. 

17.  C.  Shaler.   Chief  Onlnance  Officer  Department  of  the  South. 

18-   H.  Metcalfe Assistant,  Frankford  Arsenal,  and  Inspector  of  Contract 

Ammunition. 

19.  W.S.  Starring Assistant  to  the  Constructor  of  Ordnance. 

20.  C.S.Smith Assistant,  Ordnanc*  Agency. 

HRST  LIEUIENAXTS. 

1.  S.E.  Blunt Acting  Assistant  Professor  of  Mathematics,  and  Aasiti> 

ant  "to  the  Instructor  of  Ordnance  and  Gunnery,  U.  8w 
Military  Academy. 

2.  F.  Heath Assistant,  Rock  Island  Arsenal. 

'Capt.  J.  H.  RoU'ns,  on  accoant  of  ill-health,  waived  promotion  to  tV 
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Statement  showing  stations  and  duties  of  officers  of  Ordnance  Department,  ^c, — Continued. 


Rank  and  name. 


Duly. 


FinsT  iJEnEXAKTs— Coutinuod. 

3.  D.M.Taylor 

4.  D.  A.Lyle 

5.  J.Rockwell,  jr 

6.  W.B.Weir 

7.  J.C.Ayrefl 

8.  M. W.Lyon 

D.  C.  W.Wliipple 

10.  A.  H.  Russell 

11.  RBimie,  jr 

12.  LMacNutt 

13.  C.C.Moirison 

14.  F.Baker 

15.  O.B.Mitcham 

1«.  H.D.Borup 

ORDNANCE  8T0BEK£ErER8. 

{Not  in  the  line  o/ promoti4m.) 

B.  Infxersoll,  mi^or 

W.  R.  Shoemaker,  captain 

B.  H.  Gilbreth.  captam  

£.  D.  Ellswortn,  captain 

W.Adams,  captain 

A.  S.  M.  Morgan,  captain 

W.H.Rexford,  captain 

P.  Whyt«,  captain 

D.J. Young,  captain 

M.  J.  Grealish,  captain 


Chief  Ordnance  Officer  Department  of  the  Missouri,  and 

commanding  the  Foil  Leavenworth  Ordnance  Depot 
Assistant,  National  Armory,  and  member  of  the  B<Mrd(n 

Life-saving  Apparatus,  &^.,  under  the  Secretary  of  tbe 

Treasury. 
Assistant  Instructor  of  Ordnance  and  Gunnery,  Milituy 

Academy. 
Commanding  the  Cheyenne  Ordnance  Depot. 
Commanding  the  Fort  Abraham  Lincoln  Ordnance  Depot 
Assistant,  Benicia  Arsenal. 
Assistant  to  the  Constructor  of  Ordnance. 
Assistant,  Watertown  Arsenal. 
Assistant,  National  Armory. 
Assistant,  Rook  Island  ArsonaL 
Assistant,  National  Armory. 
Assistant,  Rock  Island  Arsenal. 
Acting  Assistant  Professor  of  the  French  Language  and 

English  Studies. 
Assistant,  Frankford  ArsenaJ. 


On  duty.  National  Armory. 

In  charge,  Fort  Union  Araenal. 

On  sick  leave  of  absence. 

On  sick  leave  of  absence. 

On  duty.  Fort  Monroe  Arsenal. 

On  duty,  Allegheny  Arsenal. 

On  tempnorary  duty,  Benicia  Arsenal. 

On  duty,  Washington  Arsenal. 

On  duty,  WatervUet  Arsenal. 

On  duty,  Augusta  Arsenal. 
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Appendix  H. — Construction  of  the  11-inchM.  L.  rifle,  convertetl  from  a  15-inch 

S.  B.  Rodman  gun  (one  plate) 61 

H*.— Construction  of  a  3-inch  B.  L.  rifle  (two  plates) 67 

H*. — Construction  of  a  3.16-inch  M.  L.  rifle,  chambered  (one  plate) 71 

H'. — Construction  of  a  3. 17-inch  M.  L.  rifle,  rapid  twist 73 

H^ — Gas  checks  for  B.L.  rifles  (one  plate) • 74 

H\ — ^Alteration  in  12-inch-rifle  carriage  (one  plate) 75 

H«. — Proposed  chambered  rifle  4.50-inch  calioer  (four  plates) 77 

H^. — Report  on  experimental  cannon  powders,  Capt.  C.  S.  Smith,  Orcl- 

nanoe  Department  (one  plate) 85 

Appendix  I. — Gunpowders  (thirteen  plates) 9B 

I'. — Progress  report  on  powders  for  4.5-inch  rifle 135 

I^. — Progress  report  on  powders  for  8-inch  rifle 138 

I'. — Progress  report  on  3.50-inch  Deane  bronze  gun  (one  plate) 141 

I*. — Hotchkiss  revolving  cannon,  caliber  1.5-incn  (seventeen  plates).       143 
I\— Flank-defense  carnage  for  Hotchkiss  revolving  cannon,  caliber 

1.5-inch  (seven  plates) 163. 

I". — Relative  destructive  eflects  of  different   Hotchkiss  projectiles 

(three  plates) 169 

I^ — Report  on  Hotchkiss  revolving  cannon  (light  field  model),  cali- 
ber 1.5-inch  (eight  plates) 173 

I^ — Progress  report  on  3-inch  B.  L.  rifle 179 

I'. — Progress  report  on  3.17-inch  M.  L.  rifle,  chambered 181 

jio^ — Progress  report  on  8-inch  B.  L,  rifle 184 

I".— Progress  rei>ort  on  11-inch  M.  L.  rifle,  converted  from  a  15-inch 

S.  B.  Rodman  gun 188 

I'2.— Reports  on  a  Gatlin^   gun,  caliber  .45-inch  (English  model), 

having  a  new  pointing  apparatus 190 

I".— Report  on  multiball  cartridges  for  Gatling  gun  (thirteen  plates) .       197 
Appendix  K.—Annual  reiwrt  of  the  principal  operations  at  the  Rock  Island 
Arsenal,  1879,  Maj.  D.  W.  Flagler,  Ordnance  Department,  commanding  (nine 
plates) 201 
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Appkndix  Ij. — Progress  report  upon  the  ai*tesian  well  at  the  Benicia  Arsenal, 

1879,  Lieut.  Col.  J.  McAllister,  Ordnance  Department,  commanding; 215 

Appendix  M. — Measurement  of  powder  pressures  in  cannon  by  compression  of 

oil,  Dr.  W.  K.  Woodbridpfc  (eleven  plates) *. 2K 

Appendix  N. — Trajectories  of  army  revolvers,  Capt.  J.  E.  Greer,  Ordnance  De- 
partment (one  plate) : 257 

Appendix  O. — ^Trajectories  of  the  Springfield  and  the  Peabody-Martini  rifles, 

Capt.  J   E.  Greer,  Ordnance  Department  (one  plate) .' 261 

Appendix  P. — Experiments  with  small-arms — space  between  bullet  and  pow- 
der, Capt.  J.  E.  Greer,  Ordnance  Department 263 

Appendix  Q. — Action  of  sea-water  on  brass  cartridges.  Captain  J.  E.  Greer, 

Ordnance  Department 267 

Appendix  R. — Report  on  the  manufacture  of  certain  life-saving  guns,  Lieut.  C. 

W.  Whipple,  Ordnance  Department  (seven  plates) 270 

Appendix  S. — Description  of  the  Lyle-Emory  grapple-shot,  Lieut.  D.  A.  Lyle, 

Ordnance  Department  (four  plato«) / 291 

Appendix  T.— Description  of  the  Laidley  cavalry  forge,  Col.  T.  T.  S.  Laidloy, 

Ordnance  Department  (seven  plates) '. 295 

Appendix  U. — Swollen  barrels  in  service  small-arms,  Capt.  J.  E.  Greer,  Ord- 
nance Department 3D1 

Appendix  V. — Reports  on  Indian  arms,  Capt.  J.  E.  Greer  and  Lieuts.  D.  A. 
Lyle  and  R.  Bimio,  jr..  Ordnance  Department,  and  Master-Machinist  S.  W. 
Porter,  National  Armory  (ten  plates) 303 

Appendix  W.— Reports  on  multiball  cartridges  for  small-anns,  Maj.  J.  M.  Whit- 
tomore,  Capts.  E.  M.  Wright  and  J.  E.  Greer,  and  Lieuts.  R.  Birnie,  jr.,  and 
C.  C.  Morrison,  Ordnance  Department  (forty-four  plates) 329 

Appendix  X. — Report  on  range-finders,  Capt.  F.  IL  Pnipps,  Ordnance  Depart- 
ment (six  plates) 373 

Appendix  Y.— Showing  stations  and  duties  of  the  oflScers  of  the  Ordnance  De- 
partment on  the  1st  of  October,  1879 387 

Apportionment  : 

to  the  States  and  Territories  of  ordnance  and  onlnance  stores,  &c.,  under 
sections  1661  and  1667  Revised  Statutes  U.  S 51 

Ammunition  : 
Small-arm : 

statement  of  issues  to  the  military-  establishment 33 

militia* 54 

Field: 

statement  of  issues  to  the  military  establishment 33, 34 

militia 54 

Armament  of  fortifications: 

the  urgency  of  liberal  appropriations  for 7 

jirogress  during  the  year  of  the  alteration  of  casemate-carriages  for  8-inch 

converted  guns 7 

progress  of  conversion  of  15-inch  S.  B.  into  11-inch  rifles 8 

the  use  of  B.  L.  rifles  in  casemated  works  a  mere  matter  of  time 8 

plans  for  conversion  of  our  present  guns  into  B.  L.  rifles  in  hand 8 

progress  during  the  year  with  chambered  rifles,  (B.  L.),  field  rifle,  powder 
tests,  experimental  and  machine  guns 8 

Arms,  Indian: 

reports  on:  {See  Indian  arms) 303 

Arms  and  munitions  of  war: 

to  what  organizations  furnished  besides  the  Regular  Army  and  militia....  3 

the  law  authorizing  issue  to  colleges  should  be  modi fied 14 

issued  to  States  in  1861  to  1865  on  their  quotas,  and  sold  through  wrong 

interpretation  of  law,  should  not  be  charged  to  them  in  full 15 

small-arms  manufactured  during  the  year 15 

Indian  arms  received  from  the  field,  the  report  on 18, 19 

Army  revolvers: 

report  on  traiectories  of :  (See  Trajectories) 257 

Arsenals,  Armories,  and  Depots: 

reasons  why  the  amounts  asked  for  should  be  gniutcd 4,5 

Benicia  arsenal,  the  wants  of 5,^ 

Rock  Island  arsenal,  progress  of  buildings 5 

San  Antonio,  estimate  for  purchase  of  adjoining  land  renewed 6 

Artesian  Well: 

at  Benicia  arsenal,  present  and  estimated  a^lditional  depth  of 5 

progress,  report  on,  by  Lieut.  Col.  J.  McAllister. .* 215 

Baylor,  Lieut.  Col.  T.  G.  : 

member  of  the  Ordnance  Board,  report  on  gunpowder,  &c 91 


IXDEX.  391 

Page. 

Bayonets  and  intrenching  tools 18 

Barrels  for  gunpowder: 

dimensions  of 110 

marks  on 117 

Barrels  for  guns  :  {See  Swollen  barrels) 301 

Benton,  Col.  J.  G. : 

on  swollen  giin-barrels 301 

Benicia  arsenal: 

present  condition  of  the  artesian  well  at 5 

want  of  better  manufacturing  'and  storing  facilities .5 

progress  report  on  the  artesian  well  for  fiscal  year  1879 215 

Berdan  telemeter:  (5^ Telemeter) 379 

improved:  (See  Telemeter) 384 

BiRNiE,  Jr.,  Lieut.  R.  : 

report  on  mnltiball  cartridges  for  small-arms 329 

report  on  Merwin,  Hulbert  &  Co.'s  multiball  cartridges 367 

Board,  Equipment 18 

Ordnance  reports » 91 

to  test  and  Teport  on  Wright's  mtLltiball  cartridges 354 

report  on  Merwin,  Htilbert  &  Co.'s  multiball  cartridges 367 

Bouleng6  chronograph: 

for  proof  of  powder 115 

Brass  cartridges: 

action  of  s^a-^ater  on,  report 267 

Breach-loacing  rifles: 

advantages  of  tiding  in  casemated  works 8 

trial  of  a  wrought-iron  field-gun  converted  into  a  B.  L.  rifle 9 

Buckshot  Cartridge:  (5ce Multiball  cartridge) 331 

Cannon,  revolving:  (iS«c  Hdtchkiss  revolving  caunou) 143 

Cannon  powders: 

report  on  experimental,  by  Capt.  C.  S.  Smith 85 

Carbines,  Springfield  : 

mannfactured  during  the  year • IS 

Cariuage  : 

for  the  Hotchkiss  revolving  CAnnon,  caliber  1.5  inch 148 

alteration  in  the  12-inch  nfle 75 

Flank  defense: 

for  the  Hotchkiss  revolving  cannon,  caliber  ]  .5  inch 163 

retmlt^  of  firing  at  Sandy  Hook 164 

record  of  firing  at  Sandy  Hook,  April  9  to  16,  1879 165, 166, 167 

Cartridges  : 

paper,  issues  to  the  military  establishment 33 

metallic,  issues  to  the  military  establidhmdut 33 

for  field-guns,  issues  to  the  military  establishment 33,34 

brass,  actioA  of  sea-water  on • 267 

MumhalU 

report  on,  for  Gatling  gun 197 

small-aritis:  (^«  Multiball  cartridges) 329 

the  trials  of 19 

Cavalry  forge:  (5«Laidley's  cavalry  forge) 295 

Chambered  gun: 

process  report  on  a  3.17-inch  M.L.  rifle 181 

carriag«e,  powder,  and  projectiles  for 181 

resultflof  firing ;....  181 

record  of  firing  at  Sandy  Hook 183 

Chambered  rifles  : 

valuable  results  from  testing  a  3-inch 8 

Chronograph,  Boulong6  : 

for  proof  of  powder 115 

Clerical  force  : 

inadequacy  of 20 

reasons  for  its  restoration  in  number  and  grade  to  that  of  the  fiscal  year 

1876 20 

Colleges: 

the  law  relating  to  the  issue  of  arms,  d:c.,  calls  for  modificfttlonb 14 

when  to  be  provided  with  an  dfficer  of  the  Regular  Army  and  arms,  &c., 

should  be  specially  designated  by  the  legislature  of  the  State  interested .  14 

issues  of  arms,  &c.,  during  the  fiscal  year  1879 "^ 


) 
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Constructor  of  ordnance  : 

reports 60 

Converted  guns  : 

11-inch — constmction  of  11-inch  M.  L.  from  15-mch  8.  B 61 

description  and  rifling  of 61 

venting 62 

details  of  fabrication 62, 63, 64 

inspection 64 

principal  dimensions  and  weights  before  and  after  conversion 64,65 

3-inc^— construction  of  a  3-inch  B.  L.  rifle  ...* 67 

the  object  of  conversion  to  determine  the  proper  charge  for  this  caliber. .  67 

description 67 

rifling,  chambering,  and  venting 68 

details  of  fabrication 68 

principal  dimensions  and  weight 69 

3. 16-inch — construction  of  a  3.1&-inch  M.  L.  rifle,  chambered 71 

the  object  of  construction , 71 

description  of  gun,  rifling,  and  venting 71,72 

details  of  fabrication 72 

principal  dimensions  and  weight 72 

4.5-iiic^---description  and  design  of  the  steel  parts  required  for  the  conver- 
sion of  a  4^inch  M.  L.  rifle  into  a  B.  L.  chambered  rifle 82 

Converted  guns: 

3. 17-tnc^^— construction  of  a  3. 17-inch  M.  L.  rifle,  rapid  twUt 73 

object  of  constmction  and  description  of  gun 73 

original  and  altered  rifling  compared 73 

fabrication,  details,  and  inspection 73 

11-im?^— progress  report  on  11-inch  M.  L.  rifle,  converted  from  a  15-inch 

S.  B.  ffun : 188 

record  of  firing  at  Sandy  Hook,  August  1  to  October  7,  1879 189 

"Deane"  bronze  gun  : 

progress  report  on  3.5-inch,  giving  summary  of  results 141 

table  of  enlargements  of  bore,  beiore  and  after  firing 142 

Davis,  Mr. :  (^See  Life-saving  guns) 272 

Densimeter,  mercury :  (iSfe  Mercury  densimeter) Ill 

Executive  Departments  : 

issues  of  arms,  d^c,  to,  during  the  fiscal  year  1879 59 

Equipment  board  : 

on  bayonet  and  intrenching-tools 18 

Expenditures  : 

of  the  Ordnance  Department  for  fiscal  year  1879 3 

Experimental  guns  : 

those  designated  for  trial 9,10 

by  conversion:  (i^ee  Converted  guns) 

Experimental  cannon  powders  :  » 

report  by  Capt.  C.  S.  Smith 85 

hexagonal 85,86 

sphero-hexagonal 86,87 

square 87 

schaghicoke  polyhedral 88 

Hazard^s  cubical 88 

English  pebble 88,89 

progressive 89 

powders  for  4.5-inch  siege  rifle 89,90 

powders  for  3-inch  and  3.5-inch  field  rifles 90 

Experiments  : 

report  on,  with  small  arms 263 

space  between  bullet  and  powder  charge 263 

velocities 263 

accuracy  at  300  and  500  yards 264 

eflect  of  rapid  continued  firing 264 

rifle  sights  and  powder 265,266 

Fabrications  : 

at  the  arsenals  during  the  fiscal  year  1879 > 523 

Flagler,  Maj.  D.  W. : 

report  of  principal  operations  at  Rock  Island  arsenal  for  the  fiscal  year  1879.  201 

Field  range  finder,  (Watkins) :  (-See  Range  finder) 373 

Flank  defense  carriage: 

for  Hotchkiss  revolving  cannon,  caliber  1.5  inches 163 
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Fortifications  : 

better  armament  urged 6 

Qa8-CH£CKS: 

for  B.  L.  rifles,  both  steel  and  copper  used  in  experiments  with  the  8-iuch 

B.  L.  rifle 74 

mode  of  constmction  of  an  8-inch  of  steel  and  copper  combined 74 

Gatlino  gun,  caliber  .45  (English  model:) 

report  on,  with  new  pointing  apparatus 190 

record  of  firing  at  Sandy  Hook,  September  25  to  27,  1879 192 

report  on  pointing  apparatus  by  Capt.  John  E.  Greer 194 

report  on  multiball  cartridges  for 197 

record  of  firing  with  Wright's  multiball  cartridges 197-200 

Greer,  Capt.  John  £. 

report  on  new  pointing  apparatus  for  Gatling  gun  (English  model),  cali- 
ber .45 194 

report  on  trs^ectories  of  Army  revolvers 257 

report  on  trajectories  of  the  Springfield  and  Peabody-Martini  rifles 261 

report  on  experiments  with  smaU  arms 263 

report  on  action  of  sea-water  on  brass  cartridges 267 

report  on  swollen  (small  arm)  barrels 301,302 

report  on  Indian  arms 303 

report  on  multiball  cartridges  for  small  arms 32i> 

report  on  multiball  cartridges  for  service  revolvers 345 

report  on  Merwin,  Hulbert  &  Co.'s  multiball  cartridges 367 

Guns:  (See  Converted  guns,  Rifles,  and  Reports  andGatbng  guns.) 

Gun  cotton  : 

manu£EM}ture  of 130-132 

Gun  barrels:  (See  Swollen  barrels.) 301 

Gunpowder  for  cannon  :  (See  Experimental  cannon  powders) 85 

far  4.5-iiicA  rifle:  progreiss  report  of  Ordnance  Board 135 

record  of  experiments  made  to  ascertain  proper  kind  and  charge  for  the 

4.5-inch  rifle 13(> 

for  Q^nch  rifle:  results  obtained  with  experimental  and  other  powders  firom 

8-inch  rifles 139 

Gunpowder  : 

by  what  name  known  for  small  arms,  field  guns,  cannon  for  light  siege  guns, 

and  for  heavy  S.  C.'guns 92 

materials  of  gunpowder 92 

of  saltpeter  (an  ingredient) 92 

test  of  crude  saltpeter 93 

of  charcoal  (an  ingredient) 96 

ofsulphnr  (an  ingredient) 95 

^neral  qualities  of  and  inspection  of  powder 110 

size  of  grain Ill 

gravimetric  density  and  snecific  gravity  of Ill 

process  of  determining  the  specific  gravity  of  a  sample  of  large  grained 

powder 114-115 

determination  of  moisture  and  resistance 115 

analysis  of  gunpowder 116 

determination  of  the  charcoal 117 

niter 117 

sulphur 117 

proportion  of  in^;redients  in  the  United  States  and  foreign  service 118 

restoring  unserviceable  powder 118 

preservation,  storage,  and  transportation 118 

magazines  for k 119 

Special  pmodera « 122 

hexagonal 124 

prismatic  perforated  cake  powder 124 

pellet  powder  (how  made) 126 

pebble  powder  ( how  made ) 128 

Wiener  powder 130 

Italian  progressive  powder 130 

Machines  used  in  manufacture  of 97 

the  charcoal  grinding  mill 97,98 

the  saltpeter  and  sulphur  grinding  apparatus 98,99 

the  mixing  machine 99 

the  incorporating  mill 99,101 

the  breaking  down  machine 102 
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Machines  used  in  manufacture  of: 

the  hydraulic  pressing  apparatus 103 

the  granulating  machine 104-106 

the  dusting  reels 106,  IW 

the  glazing  barrel W. 

the  drying  stove 106,109 

the  pellet  powder  machine 126 

the  pebble  powder  machine 128 

Packing 109 

dimensions  of  powder  barrels 110 

marks  on  powder  baiTels 117 

HOTCHKISS  MAGAZINE   RIFLES: 

number  manufactured  during  the  fiscal  year  1879 15 

in  the  hands  of  the  Begular  Army  for  trial.. 15 

HOTCHKiSS  REVOLVING  CANNON  : 

flank  defense  carriage  for:  {See  Carriage) 163 

HoTCHKiss  REVOLVING  CANNON,  caliber  1.5  inched 143 

the  general  system 143 

principal  dimensions  and  weights,  &c.,  of  the  gun 147 

the  ammunition....^ 145 

principal  dimensions  and  weights,  &c.,  of  the  ammunition 147 

the  shell 145 

weights  and  dimensions  of  shell  and  shot 147 

the  fuse 146 

the  cartridge  case 146 

weight  and  dimensions  of  the  cartridge  case 14!^ 

the  charge  of  powder 148 

the  lubricator..--.  147 

the  carriage 145 

principal  dimensions  and  weights  of  carriage 149 

the  limber  and  ammunition  cuest 149 

results  of  firing  at  Sandy  Hook 150 

at  200  yards 150 

at  1,000  yards 192 

at2,000yard8 152 

results  in  France  and  Brazil ! 152 

report  of  trial  by  French  Government  (translation) • 154 

Qovemment  of  Brazil  (translation) 158 

record  of  firing  at  Sandy  Hook  in  1876  and  1877  and  results 159 

November  1  to  December  5,  1878 162 

conclusions  of  board 161 

HoTCHKiss  REVOL\TNG  CANNON  (light  field  model),  caliber  1.5  inches 173 

weights  and  dimensions  of  gun,  shell,  and  cartridge  case 173 

charge  of  powder 173 

weight  of  carriage 173 

i*e8ults  of  firing 173 

at  200,  500,  and  1,000  yards 174 

report  of  the  artillery  commission  of  the  Russian  imperial  marine  (transla- 
tion)   174 

target  record  of  firing  at  Sandy  Hook  May  8  to  9,  1879 178 

HOTCHKISS  projectiles: 

relative  destructive  efiVicts  of 169 

triple-wall  shell 169 

field  shell 169 

results  of  firing  at  Sandy  Hook 169 

target  record  of  firing  at  Sandy  Hook  March  12  to  19,  1879 171, 172 

Intrenching  tools: 

Board  on 18 

Inspectors  : 

for  the  militia 13 

Indian  arms: 

by  Lieut.  J.  W.  Pope,  Fifth  Infantry 321 

Indian  arms: 

report  made  on  number  sent  in  from  field 18,19 

Indian  arms: 

by  Capt.  J.  W.  Reilly 326 

Indian  arms: 

by  Capt.  O.  E.  Michaclis 322,323 
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inspeetiofi .  ..... ... ..  . . '^:* 

firms  record  of  jfun  Xo.  18  snbjec'ted  to  extivjne  prvx>f :jrs 

merhaairai  tests  €>i  spe^iiaeiis  ttabk^) "^>-*C 

LYLK-EmUtT  GSAm.B-«HOT: 

report  on ...• ..........  ^l 

dimen^ons  and  weight ... ^J^ 

aetiooand  use    .^ii^*« 

Lyle.  Liect.  D.  A- : 

der^ription  of  the  Lyle-Emeiy  gmpple-^o: 5tM 

report  on  Indian  am».  .....•*. •. »^-^* 

LiGHTXIXG  C»XDCCTOES: 

for  powder  maganneg . . l-l 

Machixk  guns: 

tests  for  a  tiank  defense  carriage.......... » 1.^ 

Magazixes: 

for  powder 11^ 

MaXUFACTURE  of  UrE-&A\1NG  Gcxs: 

report  on:  (.S«  Life-«aTing  gnns) . .. .................  STO 

McAixi^TER,  Lieut.  Col.  J. : 
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Militia— Continued. 
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